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AS AN AMPLIFIER: 

INPUT: Single «nded Of ditfsrsnttal, 

GAIN 'tQ lo lOi* in Ik and 3. 33X steps. 

GAIN ACCURACY: Bettef than * 1 % at dc exclusive of noise and drift, 

GAIN STABILITY- Setter than ±0.1% per 6 months exclusive of noise and drift. 

ZEf^O STABILITY: Within 4 millivolts per week and 300 microvolts/“C referred to input after a l-hour 
#arm-up. 

LINEARITY : Better than ±0.1% of full output at dc exclusive of noise and drift. 

FREQUENCY RESPONSE. ±1% dc to !0 kH 2 on all gains, from 1000-ohm aource tetlaience or leas- 
es dB to 200 kHi at minimum 08ln for small signals, decfeaiing to 60 kH? on tnaKlmum gain, 
MaNimum linear output swing decreases above 1 0 kHi to 1 0% of full output at 7B kHz, 

HIGH FREQUENCY ATTENUATOR: 6 dB per octave with -3 dB points at 100 Hi to 30 kHz in sIk 
lx and 3 k steps. Seventh step gives rated frequency response. 

NOISE: Less than 20 microvolts rms, 3 to 100 Hz; lesa than 60 microvolts rms, 3 Hz to 60 kHz with 
mBKimum gain lapproKimatsly triple with minimum gain) Noise increases approKimatelv <n proportion 
to rise time decreaee when guarding. 

INPUT IMPEDANCE: Greater than 10*‘ ohms shunted by lass thart 6 picofarads In ungoardad position, 
greater then 10<^ ohms shurtted by leas thart 1 picofarad in guarded position. Inner shield of (riaiial 
cable is driven in guarded position. 

COMMON MODE REJECTION: Greater than 90 dB, dc to 1 20 Hz. decreasirtg to 80 dS at 1 kHz. 

COMMON MODE VOLTAGE: Up H> * 1 1 volts, tIC to 1 kHz, decreesing to ±60 miillvolle maximum 
SI 76 kHz. 

OUTPUT: ±10 volts single ended for full scale et up to 6 milUamDares. 

Untiy Galrt: Two outputs provide signals oqusl to eech InpuHo-ground voltage ±0.005% at dc 
fexoluslve of up to 6 millivolts zaro offset referred to output). 

Alt outputs sre shoo-clfouit proof. 



AS AN AMMETER (with Mcessofy shunts): 

Less than 2 x 1 0*'* ampere. 

TYPICAL RISE times AND NOISE (with Model 6041 Differenilai Current Shunt*); 

Shunt RsalRoi Currant teen Ouspdscl Uneuarded 

(ohms) [tudiosial nima Tlrtts i10%’80%) Nelsa (p-p) Rise Tims |ia%-S0%) Notss Ip-pj 
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‘ ‘v* rhSKisf in^i calil* aixt no nthsr «nwm ospacleance.Whsti niM»win«'tGr«mwiihii«>lnt#fn«fymoum« 

6033 Snum Resistors, iM Mortal 804 ttsi slightly shorter rise times and lower noise for corfe±>orujino Model 604 1 
ranges. ^ ' 



Modal 0041 Differential Current Shunt 
Model 6dsl SpioKIcetleits: 

Reelsier ASauraey: ±2% 10* 16 10" ohrtis in Oaeeils steps. 

Cenoecterr input; Triextsi. Output; Csbie »nd »nn««tor# maw with Model 804 ittpui. 
Olfn«n*lorw. Weight: r" high x 0V«" wide x 1 0" deep; net welghl, 6 pou/Wt. 



AS A DC VOLTMETER 

RANGE: ± 1 millivolt full leslw to ±1 volt in seven lx and 3x steps. 

METER ACCURACY: ±2% of full eeale exclusive of nolaa and drift. 

METER NOISE. ±40 microvolts with inputs shorted. 

POLARITY Meter switch selects left-zero (poaitlvs or nsgstivs) or ceniar-zaro scales. M«»r switch 
doec not feversa polarity of outputs. 



QENERAL- 

ZERO SUPPRESSION: Up to ±1 volt dc between inputs. 

MAXIMUM INPUT OVERLOAD: ±400 volts, dc • 100 kHz sllher Input to ground at between ir^s. 
CONNECTORS: Input: Special Teflon-insulated TrisKlsI Dags 33060-1. Amplifisr output: 60 PC2F 
Unity-gain output; BNC. 

POWER: 108-126 Of 210-250 volt* Iswlteh selected); BO-SOHz; 10 wstt*. 

DIMENSIONS, WEIGHT; high k 6 Vt" wide s IQ" deep; net weight, 1 2 pounds, 

Accessories furnished: two 001 \ input CsWes; mating amplifier output connector. 







GENERAL DESCRIPTION 
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SECTION 1, GENERAL DESCRIPTION 



i-,l. GEKERA.L. 

a. The KeichLey Model €04 Differential Electrom- 
eter Ajr;piifiar is a completaly solid-state lastru- 
msnt that car. be used by itself single-endedly or 
tifferer.tially either as an amplifier or a nulli-- 
voltmeter. The Aroplifier has selectable gains of 
10 to lO'' in lx and 3.33x steps corresponding to 
rhe VOLTS Switch settings of 1 to .OOi. 

b. when used in conjunction with the Model 6041 
Differontiai Current Shunt the Model 604 becomes a 
single-eridad or differential picoarair=eter . Single- 
ended and di ff Gror.tiai current measurements from 
10"“ to 10~3-4 arapore can be made with this setup. 
Also, high megohm resistors may be installed within 
the Model 504 to allow shunt picoammetsr operation. 

1-2, MODEL C04 EEATORES . 

a. As an amplifier, the Model 504 will operate 
over a bandwidth from do to 50 kli-z or greater with 
f»ij« aelectabie 3-dB points from 30 kHs to 100 Hb. 
Thus, the aiynal-to-noise ratio may’be optimized for 
a particular application. The amplifier output fur- 
nifiihoa .tlO volts at 5 millieui’.peres single-ended. 

b. Tliffl Eiectromoter Amplifier lias an input re- 
sistance of greater than 10^4 ohms shunted by less 
them 5 picofarads in the unguarded position, that 
allows high impedanoo measurement to be made easily. 
Whan in the guarded position the input impedance is 
shunted by less than 1 picofarad. 

c. Low offset current - leas than 2 x 10'^^ ampere 
- minimizQs zero offset witdi high source resistance 
and permits maximum resolution when measuring cur- 
rent . 

d. A choice of outputs which can be used simul- 
taneouely or singly is available. Each input of 
the Model 604 has' a unity gain output, which has 
i.50 ppm accuracy. This allows the Model 604 to be 
used a« a preaitiplif ier with differential or digital 
voitmwtwrs fox precise measiiremonta . Also, those 
outputs can be fed into an X-Y recorder for recording 
data from high impedance sources. When desired, the 
unity-gain outputs can be eonttored for absolute 
val'jws while recordings are mad© from the amplifier 
output . 

e. All outputs are short-circuit proof, and out- 
put noise referred to the input is nearly constant 
regardless or the gair,. 

f. The guarding capability of the Model 604 al- 
lows fast rasaBuramants from high resistance sources, 
by alimiriating the effects of cable capacitance and 
leakage. To conveniently facilitate these measuro- 
msnte, the Model 6301 Guarded Probe can be used to 
coT'.noct the aouroe to the Model 804 in the guarded 
mods. The guard feature is switch selectable. 



g. Aiiother outstanding feature of the Keithiey 
Modal 604 is ita zero stability. Signals can be 
monitored over weeks without constant rezeroing. 

Zero drift of the Amplifier is less than 4 milli- 
volts per week; zero offset due to teiaparature chan- 
ges is leas than 300 microvolts per ®G. 2ero shift 
due to mechanical shock or vibration is negligible. 

h. Overloads up to i400 volts will not daraage 
the 604 Amplifier, and recovery is almost immediate. 
A unique circuit provides protection while main- 
taining the favorable features of the MOS FET input, 

i. As another convenience feature, the Model 604 
provides a vary .stable il volt suppression on any 
range. Variations as small as 1 millivolt in a 
1-volt signal can be displayed full scale. 

j. Variations in line voltages from 105 to 125 
volts cause no apparent change even on the most sen- 
sitive range. Line frequency noise is practically 
eliminated from the Model 604 output. 

1-3. MODEL 6041. The Model 6041 Differential Cur- 
ent Shunt is an ftocasaory specifically designed to 
convert the .Model 604 Amplifier into a single-ended 
or differential multi-range picoammeter. 

a. The driven guard enables the Model 604 taxipli- 
fler and the Model 6041 Shunt combination to obtain 
fast response in currant nsasurements . Input ««pac- 
itancQ at the end of a 10-foot cable is jaalntainad 
at 1 picofarad in the guarded mode. As a result, 
rise times of 0,5 millisecond are possible with 
10“i-^ ampere input signals. Guarding is maintained 
through the Model 6041 by the use of triaxial input 
oonnectora and total guarding within the Shunt 
itself . 

b. For those applications where maximum signal- 
to-noise ratio la more desirable than faat response, 
the Model 604 can be used in its unguarded mode, 
Noieke will be as lew aa 2 x 10 “^^ ampere using a 
10^^ ohm resistor. However, rise times are jnuoh 
longer than when the Modal 604 ia in its guarded 
mode. Regardless of mode, the high frequency out- 
off can be used to reduce noise at the higher fre- 
quencies . 

c. For those cases where a limited currant span 
is to be monitored, a pair of high aiegolun resis- 
tors, available as the Model 6033, can be mounted 
internally within the Model 604. Although this 
method limits the current span to only four decades, 
it does slightly improve both the noise and the 
rise time charactaristios over that obtainable with 
the multi-range Model 6041 Current Shunt. The com- 
promise between noise and rise time still must bo 
made by choosing the guarded or unguarded mods. 

d. Low offset current minimizes zero offset with 
high source resistance, permitting maximum resolu- 
tion when measuring current. 
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TABLE 2. Model 604 Front Panel Controls (Figure i) . 



Control 


Functional Description 


Paragraph 


VOLTS Switch 


Selects full scale range Modal 604 is to rneasure, or 
gain instrument is to amplify. 


2-6 


liigH CUT H2 Switch 


Varies the high frequency rolloff of the Model 604 and 
selects the maximum bandwidth to foe measured. When the 
Switch is in the OFF Position the full batidwiclth of the 
Model 604 is available. 


1 

CN 


(iETER Switch 


Turns instrument off and on; dieconnects meter; selects 
mater polarity; sets instrument for centsr zero operation. 


2-2 


Mster Pilot Light 


Indicates instrument is on. 


2-8 


SUPPE^ESS Controls: FINE 

ADJ., MEDIUM. COARSE 


Zeros amplifier output and determines the amount of zero 
suppression; up to £l volt dc between inputs. 


2-6 


ZERO CHECK Buttons 


Shunts respective INPUT Recaptacle. Locking either one 
allows single ended use. Locking both zeroes the meter. 
Opening both allows differential measurements. 


2-2 


GUARD-OFF Switch 


Allows guarding for high speed measurements from high 
resistance sources when in GUARD Position. 


2-2 


{+) and (“) INPUT 
Receptacles . 


Connect inputs to sourose. May be used either singularly 
or conjointly for single ended or differential measure- 
nKisnts respectively. Receptacles are Teflon-inaulated 
triaxial connectors. 


2-1 



TABLE 3. Mods! 604 Roar Panel Controls (Figure 2 ). 



Control 




Functional Description 


Paragraph 


UNITY GAIN OUTPUTS; 
PROM (~) INPUT; PROM 
INPUT 


<+) 


For use as an extramoly linear preamplifier . Outputs 
are equal to respective inputs within ±0.005% at dc, 
exclusive of offset, noise and drift. 


2-11 


GROUND Post 




Connected to ground of all the outputs and tJie ground 
wire of the power cord. 


--- 


AMPLIFIER OUTPUT 




For monitoring output. 


2"11 


LINE VOLTAGE Switoh 




Seta instrument for 117 volt or 234 volt operation. 


2-2 


FUSE 




3AG Slow Blow, 117 volt operation; -1/8 ampere. 

234 volt operation; -1/16 ampere. 


2-B 


TABLE 4. 


Modal 


6041 Differential Current Shunt Front Panel Controls (Figure 3) . 


Control 




Functional Description 


Paragraph 


+ INPUT Switch 




Switches shunt resistor at input of the amplifier 
for the Modal 604 -UNPUT Receptacle, thus determining 
full scale current range Model 604 is to measure. 


2-2 


-INPUT Switch 




Switche.s shunt resistor at input of the amplifier 
for the .Model 604 -INPUT Receptacle, thus determining 
full scale current range Modal 604 is to measure. 

Both switches are used in differential current measure- 
ments . 


2-2 


INPUT: + and - 




Connects Model 6041 inputs to sources. May be used either 
singularly or conjointly for single-ended or differential 
irieasurcjTsents respectively. Receptacles are Teflon- 
insulated triaxial connectors. 


2-2 


TO 604 INPUTS; 
+ and - 




Connects Model 6041 to respective Model 604 Input Recep- 
tacles . 


2-2 


GND 




Connected to ground of Models 604 and 6041. 
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OP 



OH 



2-1. I!mPUT connections. The Model 604 has two in- 
put connectors, the +INPUT Receptacle and the -IN- 
PUT Receptacle, for use either single-endedly cr 
for measuring the difference between two input 
signals . 

a. The Model S04 INPUT Receptacles are 'I'eflcn- 
i.-'.sulated triaxial connectors. The center rentiinal 
is the high iiTipedar.ee terminal; the inner shield 1 b 
cither guard or ground; t.he outer shield is ground, 
'i'ho inner shield of the INPUT Rccoptaolo may be 
used as a driven guard with the GUA.RD-OfF Switch in 
the GU.ARD r-osition. 

b. Thera are Keithley Accessories available which 
are aeslgnad to increase accuracy and oc.nvenienca 

o f Irgw.Jl, ooiTiificUions . 



c, The Model 6011 input Cable facilitates input 
connections. Table 5 indicates the color coding 
of t}ie alligator clips. The center terminal is 
shielded by the inner braid of the triaxial cable up 
to the miniature alligator clip. If the unshielded 
clip causes pickup from nearby electric fields, re- 
move it and connect the shielded lead directly to 
the L=iourcte. 



TABLE 5. Color Coding of Alligator 
Clips for Model 6011 Input Caiila. 



head 


Cirou.it 


Terminal 


heavy wire with 




Center 


rad clip cover 
thin wi.ro with 


high 


Inner Shield 


black clip cover 
thin wire with 


guard 


Outer Shield 


qteen clir> cover 








FIGURE 1, Model 604 Front Panel Controls 



d. When working- w'ith a high impedance source 
carefully shield the input connection and the source 
since any variation in the electrostatic field near 
the input may cause definite meter disturbances. 

e. Use high resistance, low'-loss materials -- 
such as Teflon (recommended), polyethylene or poly- 
styrene -- for insulation. The inaulanion leakage 
resistance of teat fixtures and leads should be 
several orders of .magnitude higher than the inter- 
nal resistance of the source. Excessive leakage 
reduces the accuracy of reading from high impedance 
.sources. Trisxial or coaxial cables used should be 
a low noise type which employs a graphite or other 
conductive coating between the dielectric and the 
surrounding shield braid. Amphenol-3org Elootronics 
Corpoi'atlon , .Microdot, Inc., and Simplex Wire and 
Cable Company make satisfactory types. Use of the 
Modal 6011 Input Cable insures good input corsrses;- 
tions . 

NOTE 

Clean, dry connections and cables are very 
Iniportaiit to maintain the value of all in- 
sulation materials. Even the best insulation 
will be compromised by dust, dirt, solder 
flux, films of oil or water vapor. A good 
cleaning agent is methyl alcohol, which dis- 
solves most common dirt without chemically 
attacking the insulation. Air dry the cables 
or connections after washing with alcohol or 
use dry nitrogen if available. Or, if it 
is available, Freon is an excellent cleaning 
agent. 



f. With the GUARD-OFF Switch in GUARD Position 
the Model 604 may have at least ten feet of triaxial 
cable on its input without adding capacitance to the 




FIGURE 2, Model 604 Rear Panel Controls 
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-input (input capacitance is specified at 1 x-JF) . 

Note, JiQwevar, that guarding can only el,.iminate in- 
put cable capacitance effects. Except in one spec- 
ial case, see subparagraph 2-li, guarding cannot be 
used to eliminate effects due to source capacitanoe. 
P.£ co i'snect the guard circuit to the, source . 

NOTE 



For a complete discussion on guarding with 
the Model 604 refer to paragraphs 2-3 and 



S • Whan working with a high impedance source any 
change in the shunt capacitance of the input cir- 
cuit will cause disturbances in the reading. Make 
the measuring setup as rigid as possible, and tie" 
down connecting cables to prevent their movement. 

A continuous vibration may appear at the output as 
a sinusoidal signal, and other procautiona may be 
necessary to isolate the instrument and the connec- 
ting cable from the vibration. 

h. For low impedance msasurementg -- measyrernents 
that are above 10-8 ampere — unshielded 'leads mav 
ue uaea. ‘‘ 



i. The Model 6012 Triaxi«l-to-Coaxial Adapter 
enables using coaxial cables and accessories with 
the Modal 604 by adapting tho triaxial INPUT Reosp- 
tacles to the UHP coaxial type. 

1. The Adapter connects the Model 604 inner 
shield to ground defeating the guard capability 
that the triaxial receptacles make pocaibla. Ex- 
cept for the special case spalled out in the fol- 
lowing subparagraph 2, the GUARD-OFF Switch must 
be in the OFF position for the instrument to func- 
tion, 

2. If the Model 6012 Adapter is used with tho 
Modal 6041 Shunt in front of the Model 604 and 
the current source can be floated off ground, then 
a feedback picoaram.eter connection is poaaible. 

In this situation the coaxial shield is guard 
with the GUARD-OFF Switch in the GUARD position. 

To make possible a guarded circuit, oonnsot guard, 
the coaxial shield, to the low of the current 
source. Remember, hov/ever, if tlie currant source 
low is grounded, the GUARD-OFF Switch must be in 
the OFF position for the instrument to operate, 
and no guarded circuit Is possible this way. 

2-2, INPUT CONSIDERATIONS. 

a. The Modal 604 + INPUT Rooeptaclu ia the input 
to the non-inverting amplifier. This means that 
for a single-ended positive input to this Receptacle 
the output is positive and for a negative input the 
output is negative. The polarity can also be inter- 
preted with the METER Switch and displayed on the 
raotsr . 



b. Tha Model 604 - INPUT Receptacle is the input 
to the inverting amplifier. Thus for a single- 
ended positive input signal to thi.s Rsceptacls the 
output is negative and for a negative input the 
output is iJositive. 

o. For single-ended measurements just lock the 
ZERO CHECK Button for the Input Receptacle that you 
do not intend to use, and apply the signal to ths 
other Receptacle. When locked, the ZERO CHECK But- 
ton will connect its input Receptacle to ground pre- 
senting an open circuit to the respective amplifier. 
The Modal 604 always measures the signal differen- 
tially. In the single-ended mode it measures the 
difference between the applied signal and the ref- 
ereJice signal {ground) . 




d. For differential measurements unlock both zero 
CHECK Buttons and apply one signal to one of the In- 
put Raoaptaclea and the other signal to the other 
Receptacle . it does not matter which Reoeptacle 
accepts the high or low signal. If the signal to 
the -INPUT Raoeptaole is positive with respect to 
the signal to tha +INPUT Receptacle, then the output, 
and the meter, will read negative. If the signal 

to tha +INPUT Receptacle is positive with respect 
to the signal to the -INPUT Receptacle, then the 
output will be positive. 

e. The Model 6041 is a Differential Current Shunt 
which, when used in conjunction with the Model 604, 
enables the Model 604 to become either a aingla- 
ended or difforential shunt ammeter. The INPUT Re- 
oeptaolas on the Model 6041 are nominally labeled, 
That is, it is not essential that, slngls-endediy, 

a positive signal be applied to the (+) Receptacle 
and a negative to the {-) Receptacle or. differen- 
tially, the high signal to the {+) and the low to 
the (-) , 



1. The Model 6041 outputs {labeledt TO 604 
INPUTS; H- and , which connect the Model 6041 to 
the Model 604, are directly tied to thsir corres- 
ponding Input Receptacle. That is, a signal to 
the +INPUT Receptacle will be accepted at the + 
output and a signal to the -INPUT Receptacle will 
be accepted at the - output. 

2. Though it is not absolutely necessary, it 
is recommended that upon connecting tha Model 
6041 to the Model 604, tha corresponding output 
receptacle or the Model 6041 be connected to the 
corresponding Input Receptacle on the Model 604 . 
Otherwise, the user may become utterly confused 
at whet ths polarity at the .Model 604 output 
corresponds to. 

3. Note that the +INPUT Switch on the Model 
6041 applies to the Model 6041 -J-INPUT Receptacle 
only and the -INPUT Switch applies to the -IN?UT 
Receptscle only, regardlaas of the relative or 
absolute polarities of the signals at the inputs. 
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2-3. G'JARDIMG. 

a. There are several factors which contribute to 
the bandwidth of an eKperiment. 

1. The aiTiplifier bandwidth; 

2. The source resistance and capacitance; 

3. The capacitance of the cable connecting the 
amplifier to the source. 




FIGURE Figure Depicts a Typical Experiment ShoW' 
ing the An'.plifier, Cable and Source. In the figure 
Cc is the capacitance due to the connecting cable, 
Cs is the source capacitance, Us is the source re™ 
aistance end io the source voltage. 



f3dB = vl^ - 1.6 Uz . 

iOi* (iO-i-SxO) {10-i^) 

So, in this example, connecting the source to the 
amplifier witii a 3 foot cable, without guarding, 
would cause a 10. -1 reduction in bandwidth, 

c. The Model 604 is designed to eliminate (guard) 
the cable capacitance when used in the guard mode. 
The Model 604 will reduce the apparent capacity at 
the end of an up to 10 foot long triaxial cable to 
approximately i picofarad by driving the inner 
shield of the cablo. 

NOTE 

The capacity from the center conductor of a 
triaxial cable to the inner shield is about 
.10 picofarads per foot. From the inner shield 
to the outer shield it is about 70 picofarads 
per foot. The signal source, however, only 
sees the capacity from the center conductor 
to the inner shield- Tho guard circuit, 
though, drives th© entire capacity, about 
100 picofarads per foot. The .Model 604 guard 
circuit effectively drives up to 1000 pico- 
farads; thus the 10 foot cable limitation. 

1. In the above example, than, che guard fea- 
ture of the Model 604 allows the user to achieve 
almost the entire bandwidth of the source circuit. 

fv-i« » .IG = 14,5 Uz. 

10^(10+1) (To I2T 

2. t'lotioo that, in the above case, guarding 
does not increase the bandwidth of the source, but 
practically eliminates the effect of cable cap- 
acity . 

d. The guard feeiture does, however, have savercil 
limitations , 



b, Ir. the rypical setup .shown in Figure 4, if a 
purfeict amplifier were placed at the source, the 3 dD 
frequency of tho source would be 



^3dB ,A/Rg Cg = .16/Hg Cg equation 1. 

where i'ldB the 3dB bandwidth of the source in Hz; 
Rg is the source resistance in ohms, 
and Cg is the source capacicance in farads, 

1. If, to take an example, Rg is oqual to 10® 
ohrr.s aj\d Cg is equal to 10 picofarads, then 



i'3dS 



.16 « .16 - 16 ;;z. 

Tim (10-ii) 71^2) 



2. 1-iow, if a cable is used to connect the source 
to Che anii^lifier, a new bandwidth is encountered 
because of the addition of the cable capacitance 
and nquatior, 1 becomes 

^■ 3 dh ~ . 16 equation 2. 

Rg (Cg+CQ; 

where #3,^2 is the 3dD bandwidth of the system in 

Xg is the source resistance ir. ohms ; 

Cg is the source capacitance in farads; 
and Co is the cable cacacitance in farads . 



1. It is effective driving only up to 1000 
picofarads. Thus, no more than 1000 picofarads 
should be guarded from either input for optimum 
response , 

2, The guard voltage swing is limited by the 
corruton mode voltage swing (til volts dc to I kllz 
and approximately *2 volts at 5 kHz) . 

3- The guard feature Is not effective beyond 
5 kii2 because of internal phase shifts. These 
shifts causa peaking to occur above 5 kHz, but 
the system still remains stable. 

e. Note chat each input of the Model 604 has its 
own separate guard circuit which is completely in- 
dependont of the other. Note, also, that guard ai;d 
the unity-gain outputs are electronically identical 
(soo schematic diagram 22320E in Section;.). 

2-4. GUARD-OFF SWITCH. 

a. This Switch whan in the GUARD Position reduces 
the affect of input cable capacity and provides 
high speed measurements from high resistance sources 
at the end of a cable by driving the cable capaci- 
tance and the inner shield of the INPUT Recepta- 
cle(s) (refer to paragraph 2-3) . A guarded circuit 
is possible in this way. 



An average cable adds approximately 30 picofarads 
per foot to the circuit. Thus, a 3-foot cable 
would add 30 picofarads and 



b. With the Switch in the GUARD Position input 
capacity is decreased (to approximately 1 pF even 
with up to 10 feet of cable on the input) and rise 
time is decreased- Note, however, that the noiso 
is increased. 
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c. With the GUARD-OFP Switch in the OFF position 
the input capacity is increased to 5 pF with no 
cable the input and 100 pF with 3 feet of cable 
on the input. The speed of response and the noise 
are dscreasad. 

NOTE 

When using the Model 6041 with the GUARD- 
OFF Switch in the GUAIID position the total 
aystam is guarded. Also, less than 3 pF 
will be present at th© Model 6041 input 
with 3 feet of cable on the input; 

d. Therefore, although guarding increases speed, 
it also increases noise as well and a comproraisa 
between speed and noise will have to be made. 

2-5. HIGH CUT HZ SWITCH. 

a. This Switch allows the user to select the moat 
amonable ban*'/idth to achieve optimum rise time and 
noise. The amplifier rolls off at 6 dB/octave and 
the Switch determines the' measured bandwidth of the 
amplifier and cuts off higher frequencies at the 3 
dS- point. For example, if the Switch ia set to 1 
kHz the bandwidth' of the Model 604 'is i kHz and all 
higher frequencies are cut off. Setting the Switch 
to OB’P gives the rated frequency response. 

b. The user can use the high CUT HZ Switch to 
salaot the optimum bandwidth for hia measurement by 
cutting off higher frequency noise components, ring- 
ing and overshoot. Note, however, the lower the 
bandwidth the longer tho rioa time. So the user 
will have to use the requirements of his experiraent 
ajad the method of trial and error to select the 
proper setting of the Switch for optimum achieve- 
ment. 

2-6. SUPPRESS CONTROLS. 

a. There are three SUPPRESS Controls j fine adj. , 
MEDIUM and COARSE, The COARSE and MEDIUM SUPPRESS 
Controls aro sight position switches. The MEDIUM 
Control interpolates between the setting of the 
COARSE Control. The FINE ADJ. Control la a ten- 
turti potentiometer that interpolates between the 
settings of the MEDIUM Control. These controls may 
either be used for suppression or for zeroing the 
Model 604. 

b. The zero suppress circuit cancels any constant 
dc voltage in order to use a more sensitive range to 
observe a superimposed signal. There is up to ±1 
volt available for zero supprassion. This means 
that on the most sensitive ranges up to 1000 times 
full scale may be suppressed. For example, the Model 
604 can measure changes of 1 millivolt full scale in 
a 1 volt steady sigaal on its .001 volt range. 

c. Operation . 

1. Adjust the VOLTS Switch to the rang© that 
gives the closest to a full scale moter deflec- 
tion . 

2. Turn the SUPPRESS Controls completely in 
the direction opposite meter deflection (counter- 
clockwise for positive deflections and clockwise 
for negative deflections) . 

2. Turn the COARSE control setting until the 
mater needle passes through zero. Turn the MED- 
IUM Control until the needle passes back through 
zero and then adjust the FINE ADJ. Control for 
zero deflection. 



4. S®t the VOLTS Switch to a more sensitive 

range and readjust for zero, if necessary. 

2-7. CO.MMON MODE REJECTION. 

- ^ vood differential amplifier is eharacter- 

raed by its common mode rejection and also its 
conraon mode voltage range. The Modal 604 rates rol 
atively well in both these areas. 

b. The specifications in Table 1 read greater 
than 90 da from dc to 120 Hz decreasing to SO db 
at 1 kHz. Actually, the common mods rejection is 
greater than this. The specification is based on 
tne nonlinear distortion caused by swinging the 
amplifier between ±11 volts cotpason mod®. The fun- 
damental is almost completely removed and all that 
appears at the output is predominately second har- 
monic of the oommon mode input signal. This dist- 
ortion increases with frequency and the specifica- 
tion is degraded accordingly. At lower common 
mods levels, lets say 2 volts peak-to-peak, it ia 
practically impossible to see any output change 
due to ths common mode signal uo to 1 kHz at any 
gain setting on the Model 604. 

2-8. PRELIMINARY PROCEDURES. 

a. Check the Fuse and the LINE VOLTAGE Switch 
for the proper line voltage, connect the power 
cord to the power source. 

b. Set the Model 604 front panel controls as 
follow® I 



ZERO CHECK Button {+) lock 

ZERO CHECK Button (-) LOCK 

VOLTS Switch 1 

HIGH CUT HZ Switch OFF 

GUARD-OFF Switc;h OFF 

METER Switch POWER OFF. 



0. Turn the METER Sv/itch to center ZERO. Ths 
Meter Pilot Light should turn on. Within a faw 
seconds the mater needle should come to the oantar 
position. If not, adjust the meter zero with the 
FINE ADJ. and MEDIUM SUPPRESS Controls. Normally, 
there Is no need to use the COARSE Control. 

NOTE 

Using the center zero scales decreases accu- 
racy because the scale span is reduced. 

d. After a few moments increase the voltage af*n- 
sitivity by advancing the VOLTS Switch to .3, .1, 
etc. Continue zeroing with the FINE ADJ Control. 

e. After long periods of storage or after an 
overload, the Model 604 may drift excessively. The 
input transistors are insensitive to mechanical 
shock; however, a severe input overload may cause 

a zero offset. This is corrected with the SUPPIUSSS 
Controls, Drifting, thouah, can occur for several 
hours . 

2-9. VOLTAGE .'‘lEASUREMENTS . 

a. The Model 604 can be used to measure voltages 
two ways . Both ways may be used in either the 
guarded or the unguarded mode (refer to parauraohs 
2--3 and 2-4) , t- - j- 

1. In ths single-ended method the unknown volt- 
age 15 connected to one of the Input Receptacles. 
The other Receptacle is locked in Zero Check Po- 
sition (refer to paragraph 2-2) . 
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NOTE 

The P.ERO CHECK Buttons are true transfer 
type s'witciies. When they are depressed, 
tile input will be briefly connected to 
10® ohms to ground. Then as the Buttons 
are rurther depressed toward LOCK posi- 
tion the input is open circuited and will, 
remain so until the Button is released. 

In the LOCK position the Model 604 input 
111 internally connected to ground. Please 
note that for certain very high impedance 
sources it may be necessary to never con- 
nsiut the input to ground, even through 
10^ ohms. If this is the case, depress 
and release the ZERO CHECK Button as 
fast ds possible and the source will see 
10^ otur.s for only a few miliiseconds , 

2 . In tl'.e differential method one unknown volt- 
age is connected to one of the Input Receptacles 
and the other voltage is connected to the other 
Input Receptacle. In this mode both iJERO CHECK 
buttons ore unlocked. (Refer to paragraph 2 - 7 .) . 

3, Accessory probes extend the Modal 604 's 
rang© to 10 kilovolts. {Use either single-endedly 
or differentially only with the GUARD-OFF Switch 
in the OFF position) , 

b. Sinyle-Ended Method Voltage Measurements. 

This method should be used when an unknown voltage 
from a siuyla source is to be measured. (Refer to 
paragraph 2-2 also) . 

1. Set the Model 604 front panel controls aa 
follows : 



ZERO CHECK Button (+) 
ZERO CHECK Button (-) 
VOLTS Switch 
HIGH CUT HZ Switch 
GUA.RO-OFF Switch 
METER Switch 



LOCK 

LOCK 

1 

OFF 

OFF 

CENTER ZERO. 



2 . Connect the unknown voltage to on© of the 
Input Receptacles. Zero the meter {paragraph 2-6) 
and unlock the ZERO CHECK Button pertaining to 
the used Inout Receptacle . Keep the other ZERO 
CHECK Button in the LOCK position. Sat the METER 
Switch to + or as necessary. Increase sensi- 
t.l.vity with the VOLTS Switch until the greatest 
on-acalei mater deflection is obtained, Recheck 
v'.ero setting after increasing sensitivity, [Re- 
fer to paragraph 2-2 also) . 



3. For guarded, fast measurements, set the 
GUARD-OFF iJwitch to GUARD. This method reduces 
the uffucts of input cable capacity 'with very 
high impedance sources and allows guarded voltage 
muaauremects (Refer to paragraphs 2-3 and 2-4) . 

■! - .'jet the HIGH CUT HZ Switch to the desired 
po.'Sition CO obtain optimum response. (Refer to 
paragraph 2-3) . 

c. Differential Method Voltage Measurements. 

method should be used to measure the difference 
betv/e«;i two unknown voltages neither of which has 
to be at ground potential, and either of which may 
be as >nuch as ±11 volts off ground. [Refer to para- 
graph 2-2) . 

1. Set the Model 604 front panel controls as 
shown in subparagraph bl above. 

2 . Connect one unknown voltage to one of the 
Input Receptacles and the other voltage to the 
■tther Input Receptacle. Zero the meter and then 



unlock both ZERO CHECK Buttons. Set the FiETER 
Switch to -r or -, as necessary. I.ncrease sensi- 
tivity with the VOLTS Switch until the greatest 
or. scale motor deflection is obtained. Rcchack 
zero setti.ng after increasing sensitivity. The 
difference signal is equal to the percentage of 
full scale that the meter reads tiTnes the VOLTS 
Switch setting, (Refer to paragraph 2-2 also). 

3. For guarded, fast measurements, set the 
GUAFD-OPF Switch to GUARD. (Refer to oaragraphii 
2-3 arid 2-4). 

4. Set t.he HIGH CUT HZ Switch to the desired 
position to obtain optimum response. (Refer to 
paragraph 2~5) . 

d. To measure sources greater than 1 volt, use 
one of two divider probes. The Model 6102A 10:1 

Divider Frobe extends the Model 604 *s rarsge to 10 
volts; overall accuracy is ±4% and input resistance 
Is lOiO ohms. The Model 6103A 1000:1 Divider Fro)5o 
extends the Model 604 's range to 1 kilovolt; over- 
all accuracy is ±.5% and input resistance is 10 l 2 
ohms. Follow the same operating procedures with 
the dividers as in subparagraph b. The Model 6012 
Trlaxi«l-tO-Coaxial Adapter roust be used with the 
Models 6102A and 6103A Divider Probes, Note, how- 
ever, using the Adapter connects the inner shield 
to ground, defeating the guarding capability of 
the Model 604. Therefore, the GUARD-OFF Switch 
must be in the OFF position for the instrument to 
opex'ats. The full-scale voltage rang© Is the di- 
vider ratio times the VOLTS Svjitch setting. 

NOTE 

If the Models 6102A and 6103A Divider Probes 
are u.sed with tiie Model 604 in the differen- 
tial mode, the common mode rejection i.s lim- 
itad by the probe matching and typically would 
)jo about 30 clB. Thus, 30 volts of common 
mode voltage would cause a full scale indica- 
tion. 

2-10. CURPCENT MEASUREMENTS. The Kodol 604 becomes 
an ammeter whan used in conjunction with the Model 
6041 Differential Current Shunt or when resistors 
are installed within the cases of the Modal 301 (see 
Figure 6) , When using the Model 6041, resistors 
are ewltohed across the inputs of the Model 301 
Aar.plifiers in the Model 604 with the + and - INPUT 
Switohas on the Model 6041. The full scale current 
range is ogual to reciprocal of the INPUT Switch 
setting on the Model 6041 times the setting of the 
VOLTS Switch on the Model 604, For exaroixla, if 
the INPUT Switch is set to 10“ and the VOLTS Switch 
is sat to .01, then the full scale current range 
is equal to lAo(^ x .01 ® 10 ~S x .01 => 10"^'^ amp- 
eres . 



MOTE 

The Modal 301 Instruction Manual, supplied 
with the Model 604, gives co.roplete informa- 
tion on Model 301 operation, circuit dasorip- 
tion, troubleshooting, calibration, parts 
lists and schamatxc diagrams. There are 
tv;o .Model 301 Operational A.roplifiers used 
as plug-in units in the Model 604. 

a. The Model 604 can tneasurs currents several 
ways, each of which may be used either in the guard- 
ed or unguarded mode. 

1. In the single-ended method the unknown cur- 
rcr-t is connected to one of the Input Receptacles 
on the Model 6G41. The other Input Raceptaols on 
the Modal 6041 is locked in Zero Check pooitior! 
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by its corresponding ZERO CHECK Button cr. tha 
Modal 604 front panel. (Refer to paragraph 2-2) . 

2 . In the differential method one unknown cxjr- 
rent is cojxnected to one of the Input Receptacles 
on the Model 6041 and the other current is con- 
nected to the other Input Receptacle. In this 
mode both ZE1K3 CHECK Buttons are unlocked. (Re- 
fer to paragraph 2-2) . 

3. With the shunt resistors mounted inside the 
cases of the Model 301 Amplifiers in the Model 604 
the Model 604 may be used as an arriir.eter either 
single-endedly or differentially. This method, 
hox-^sver, limits versatility and gives only four 
decades of response. The same input considera- 
tions apply with this method as spalled out in 
paragraph 2-2. 



CAUTION 

When resistors are mounted internally, the 
input is open circuited when in zero check. 
This presents an open circuit to the cur- 
runt source, stopping current flow, m 
some oases this could be harmful to the 
current source and possibly to tbs Modal 
604 itself when high complicance voltages 
are encountered. 



NOTE 

When making measurements from high impedance 
sources or low current sources using the 
guarding feature, it may be daaireabls to 
sat the HIGH CUT HZ Switch to the lowest 
setting , 100 Hz, to limit the noise band- 
width in some cases. The noise increase, 
when guarding, increases linearity with 
the bandwidth increase and the noise may 
eventually overload the amplifier. This 
would cause an error in a meter reading,- 
but the error would go undetected unless 
the output was monitored on an oscilloscope. 



range, the in£.JUt capacity and the u^thod used 
(guarded or unguarded). See specifications. Table 
1, page ii, On all ranges, the rise time in the 
guarded method is lass than one second W'ith the spe- 
cified capacity across the input. Even with much 
larger capacities on the input the negative feedback 
maintains a relatively short rise time. Given a 
choice, it is better to place the Model 6041 nearer 
to the current source than to the data reading in- 
strument. Transmitting the input signal through 
long cables decreases the responses speed and in- 
creases noise. 



c, Sinqle-Ended Method Current Meaaureuier.ts with 
Model 6041. This method is used to measure an un- 
knov7n current from a single source (Refer to para- 
graph 2-2) . 



1. Connect the Model 6041 outputs, labeled TO 
60 4 INPUT -I- and -, to the corresponding Input 
Receptacles on the Model 604 with the supplied 
mating cable. Set the Model 604 and 6041* front 
panel controls as follows j 



ZERO CHECK Button (+) 
ZERO CHECK Button (-} 
VOLTS Switch 
HIGH CUT HZ Switch 
GUARD-OFF Switch 
METER Switch 
+INPUT Switch 
-INPUT Switch 



LOCK 

LOCK 

1 

OFF 

OFF 

CENTER ZERO 

SHORT 

SHORT. 



2. Connect the unknown current to one of the 
Input Receptacles on the Model 6041. Zero the 
meter and unlock tlis ZERO CHECK Button that cor- 
responds to the Input Receptacle being used, Set 
the METER Switch to + or -, as necessary. In- 
oreuse sensitivity with the VOLTS Switch and the 
Input Switch that corresponds to the Input Recap- 
tacle being used until the greatest on-acale 
meter deflaotion is obtained. Rochack aero set- 
ting after increasing sensitivity. (Refer to 
paragraph 2-2 also) . 



b. Rise tijiie varies primarily with the current 



3. The full-scale currant range is the VOLTS 




FIGURE 5. Error due to Ammeter Resistance. Currant sources may be considered a voltage (E) in aariss with 
a resistance (R) . The current with the ainnxeter short circuited is I - E/R. With the short circuit remevad, 
the effective input resistance of the ammeter (Rin) is in series with the source resistance (R) . The cur- 
rent of the complete circuit is reduced and Imetar = E/(R+Rin) • I-f the effective airaneter input resistance 
is small compared to R, Ijneter ^ error introduced by circuit loading is negligible. 
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Switch setting times the reciprocai of the in- 
put Switch setting. 'JSe the smallest voets 
S witch setting possible to minimise input volt- 
age drop and thus obtain the best accuracy. The 
full scale input voltage drop is equal to the 
VOLTS .Switch setting, 

NOTE 

If the source has very high oorapliarice 
voltage and large source resistance, the 
signal-to-noise ratio can be improved, 
without appreciably degrading the accu- 
racy, by using a larger shunt resistor 
and a less sensitive voltage range. 

(For example: If a current source has a 

3C0 volt compliance and 10^“ ohms output 
resistance, then I » 300/10*^ =■ 3 x 
aiiipere. Using a 10^ ohms shunt resistor 
and a 300 millivolt full scalo voltage 
range would display this current full 
scale. The loading error would be only 

0.1%, which is 40 times less than the 
accuracy of the system. The signal-to~ 
noise ratio xvould be 100 tim^s better 
than if a 10^ ohms shunt resistor and 
a 3 millivolt full scale rajige ware 
used) . 



rl, Differential Method Current Meagurements with 
tho Model 6041. This method is used to measure the 
diffarencB between two unknown currants neither of 
whloh has to be at ground. (Refer to paragraph 2-2 
also) . 

i. Conneot the Model 6041 outputs, labeled TO 
604 INPUTS and to the respective Input Re- 
ceptacles on the Model 604 with the supplied mat- 



ing cable. Set the Models 604 and 6041 front pan- 
al controls as follows s 



ZERO CHECK Button (+) 
2SRO CHECK Button {-) 
VOLTS Switch 
HIGH CUT H2 Switch 
GUARD-OFF Switch 
METER Switch 
■rIMPUT Switch 
-INPUT Switch 



LOCK 

LOCK 

I 

OFF 

OFF 

CENTER ZERO 

SHORT 

SHORT. 



2. Connect one unknown current to one of the 
Input Receptacles on the Model 6041 and the other 
current to the other Input Receptacle. Zero tho 
motor and unlock both ZERO CHECK Buttons. Set 
the METER Switch to + or -, as necessary. In- 
crease sensitivity with the VOLTS Switch and both 
of the Input Switches until the greatest on-scale 
meter deflection ia obtained. (Increase the get- 
tings of both Input Switches in unison) . Recheck 
aero setting after increasing sensitivity. (Re- 
fer to paragraph 2-2) . 

3. The difference signal is equal to the per- 
centage of full scale that the meter reads times 
the VOLTS Switch setting times the reciprocal of 
the setting of the Input Switches. Use the smal- 
lest VOLTS Switch setting possible to minimite 
input voltage drop and thus obtain the best ac- 
curacy. The full scale input voltage drop ia 
equal to the VOLTS Switch setting. 

a. Each Model 604 Input Receptacle ia connected 
to a Model 301 Operational Amplifier hooked up in 
single-ended configuration. The Amplifier corres- 
ponding to the +INPUT Receptacle is in a non-in- 
verting mode and the Amplifier corresponding to the 
-INPUT Receptacle is in a3\ inverting mode. If so 




FIGURE 6, internal View of Model 
301 Amplifier Showing Location 
for Installing Internal Resistor. 
For complete and comprehensive 
information on the Model 301, re- 
fer to the supplied Modal 301 
Instruction Manual. 
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TAiiLE 6 . Typical Rise Times and Noise of the Model 604 As An Amsetar With a Single Pair of Model 6033 
Shunt Resistors Internally Mounted. This table was compiled using the smallest HIGH CUT ua Sv/itch setting 
permiasabl© to obtain the rise times. Thus, the noise bandwidth of the system is kept as close as poaaibie 
to the signal bandwidth. 



Shunt 


Current 


100 pF Guarded 




iOO 


pF Unguarded I 


Resistor 


Span 


Riga Time 


Noise 




Rise Time 


Noise 


( ohir.a ) 


1 full Scale) 


lC%-90% 


.. P-P ... 




10%-90% 




P'P. 


lOS 


10-6 to 10-9 


0.00003 sec 


10“S 


A 


0.0003 


sec 


lO-.lO A 




10 “S to 10-11 A 


0.0003 sec 


10-10 


A 


0.03 


sec 


10-12 A 


lylO 


10-10 to 10 - 1-3 A 


0,03 sec 


10-^-2 


A 


3.0 




2 xi 0 ~l^ A 


lOli 


10“ll to 10-14 A 


0 , 3 sec 


10-^0 


A 


30.0 


sec 


2x10 A 



desired, the Model 604 may be used as an ammeter 
by Installing shunt resiafcore within the cases of 
either or both Model 301 Amplifiers. Figure 6 shows 
the poaitions in which the internal resistors nay 
be mounted. 

MOTE 

When measuring current with the internally 
mounted Keithley Model 6033 Shunt Resistors, 
the itodel 604 has slightly shorter rise times 
and lower noise for corresponding Model 6041 
ranges. Please refer to Table 6 . 

1. In this configuration, tlierafore, the Model 
6041 Current Shunt does not have to be used with 
the Model 604 to make current measuraments . Note, 
howavar, that installing the resistors within the 
Modal 301 oases is a time consuming operation. 
Note, also that using the Modal 604 in such a man- 
ner severely limits the versatility and capabil- 
ity of the Model 604. Also, using it as an am- 
meter in such a way allows only four decades of 
current measuring capability. 

NOTE 

The Modal 604 may be used to measure voltages 
w.lth th® resistors iustalled within the 
Amplifiers. Note, however, that the magni- 
tude of the input impedance would than bs 
agual to the value of the installed resis- 
tor. This could lead to significant errors 
in voltage measurements if the source resis- 
tance is on the order of tnagnithda of the 
installed resistor. 

2. The Model 604 may be used as either a 
singla-ended or differential current measuring 
device in this configuration. The same instruc- 
tions given in paragraph c and d above, less the 
Model 6041 Instructions, apply here for the 
single-ended and differential laodss respectively. 
The full scale cueceat range, or dlffereviae sig- 
nal, is equal to the reciprocal of the shunt 
resistor times the setting of the VOLTS Swltcli. 
(Refer to paragraph 2-2 also) . 

CAUTION 

Pay spocial attention to the caution of 
paragraph 2-lOa, sub-paragraph 3. 

Use the GUARD-OFF Switch for Guarded cr Un- 
guarded Kaasurements. Guarded or unguarded meas- 
urements can be made in each of the proceeding 
modes. (Refer to paragraphs 2-3 and 2-4 also) 

g. Use the HIGH CUT HZ Switch in each of the 
current moded as desired to obtain optimum response. 
(Refer to paragraph 2-5). 

2-11. OUTPUTS. The Model 604 hag three outputs; 



two UNITY GAIN OUTPUTS each corresponding to its 
respsotivo input Receptacle, providing signals 
equal to each inout-to-ground voltage to within 
iO.005% at dc; an AMPLIFIER OUTPUT for recording 
the amplified or dlfforence signal. These output-s 
may be used to drive recorders, oscilloscopes and 
X and Y rucordots to record amplified signals, dif- 
ference signals and absolute signals. 

NOTE 

The front panel SUPPRESS Controls will ssro 
only the FROM -HKPUT GAIN OUTPUT? that 
is the output fox the non-inverting input. 

Also, the ±1 volt suppression may only be 
applied at this output. The PROM -INPUT UNITY 
GAIN OUTPUT may be zeroed internally by au- 
juBting the aero control in, the Amplifier 
for the -INPUT. (Refer to the supplied Modal 
3(31 Instruction Manual), Thus, whan the 
AMPLIFIER OUTPUT is zeroed, it ia highly 
unlikely that both UNITY GAIN OUTPUTS will 
be zeroed and several millivolts offset may 
be present. Also, it As vei-y improbable that 
both the UNITY GAIN OUTPUTS and the AtlPLIFIER 
OUTPUT will all be exactly zero at the same 
time, but any two of tho throe caj^ be, 

a. The AMPLIFIER OUTPUT is slO volts at S miUi- 
amperes to amplify signals v/ithin 1 % for recorders, 
oscilloscopes and si.milar instruments. This out- 
put can be used for recording single-ended signal® 
or differential, relative signals. The AMPLIFIER 
OUTPUT Reoeptacle is a microphone receptacle Amphen- 
ol type 80MC2P and mates with an Amphenol type 
30MC2M. Pin No. 1 of the output terminal is the 
output and pin number 2 is ground when the GUARD-OFF 
Switch is in the OFF position. 

b. The AMPLIFIER OUTPUT Receptacle and the UNITY 
GAIK Receptaolas may be used in conjunction; the 
AMPLIFIER OUTPUT for recording the relative differ- 
ence signal and a UNITY GAIN for recording th® ab- 
ssoluts signal of its input. 

NOTE 

All outputs of the Model 604 are short 
circuit' proof. 

c. _ The UNITY GAIN Outputs provide signals to 
each input-to-ground voltage within SO. 005% at dc. 
They can ba used for impedance matching to mini- 
mize circuit loading errors or convenient connec- 
tions to a recorder when the GUARD-OFF Switch is in 
tlis GUARD position. Also, these two outputs may be 
used to record with an XY recorder? 1 output to 
drive tho X channel and one the Y. 
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3-1. GENERAL. 

a. 'The Model 604 is an entirely solid-state in- 
$trunie.nt that uses as it© basic circuit components 
tv;o Ke-ithley Model 301 Operational Amplifiers. 

These two aii^pllfierS, hOOked-up in unity-gain con- 
figuration, are the input amplifiers for the Model 
604, Three other major blocks of the Model 60-1 cir- 
cuit are composed of three integrated circuit ampli- 
fiers that serve the functions of differential amp- 
U.fior, auxiliary amplifier and an output amplifier, 
caapectively . The 1st major block to be considered 
is the power supplies, PeripJieraX circuits result 
in ^ei’o suppression, frequency attenuation and amp- 
lifier gain through switched in resistors and cap- 
acitors . 

b. The block diagram in Figure 7 illustrates the 
ba.sic sections of the circuit of the Model 604 . The 
flohamatic diagram, 22S20E, is a detailed diagram 
showing the complete circuit of the Model 604 and 
the circuit designations. Refer to these to better 
understand the description given In the fol.lowing 
paragraph.s . 

NOTE 

The circuit description of t,he Model 301 
Amplifiers, circuit designations ARlOl and 
iARli) 2 , are not given In this particular 
section. However, the complete circuit 
dciscription of these Amplifiers is in the 
supplied Model 301 Instruction Manual. 



each input. They are connected for unity gain in 
such a faahion that an input resistance of greater 
than ioi‘5 ohms for the Model 604 is achieved. This 
ia done by using the inverting input of the Model 
301 as the input, connecting its output to ground 
and using the comiTson aa the output with the non-in- 
verting inpur connected to common. In this config- 
uration the gain accuracy is the reciprocal of the 
open loop gain of the Model 301 Amplifier. 

b. Zero suppression is added between the non-in- 
verting input and the common in the Model 301 .Ampli- 
fier v/hich is used in the Model 604 + input. Front 
panel controls S106 and S107 switch in resistors 
R122 through R144 to achieve this suppression. 

NOTE 

Refer to Table 7 for the gains of each amp- 
lifier in the Model 604 corresponding to 
each total gain of the Model 604. 

3-3. DIFFERENTIAL Af4PLIPIBR. Circuit designation 
QAlOl is a linear integrated circuit conneotad as 
a differential amplifier. The common mode rejection 
of the Model 604 i.s obtained by adjusting this 
amplifier, through capacitor C114 and resistor 
R148, both at low and high frequency. 

3-4. AUXILIARY AMPLIFIER. Circuit designation 
QA102 ,lw a linear integrated circuit connected for 
a non-inverting gain of 30. It is used only on the 
highest three gains, 1000 to 10,000 (refer to 
Table 7) . 



i-7. INJH’T AMPLIFIERS. 

a. Two Standard Kelthley Model 301 .Solid-State 
Electrometer Operational Amplifiers, designated 
ARlOl ajici ARI02, are used in the input; one for 



3-5. OUTPUT AMPLIFIER. Circuit designation QA103 
ia a linear Integrated circuit connocfced as an in- 
verting amplifier. Gain is adjustable between 1 
and 33.3 (See Table 7). The high frequency rolloff 
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TABLE 7. Model 604 Gain Chart 

The Table gives the total gain of the Model 604 Electrometer Amplifier in one column, and the qain each 
component ampn^-ier within the Model 604 corresponding to each total aain. Refer also to Fiaure 7 which 
snov/s tr.e basic amplifiers composing the Model 604 circuit. ' ^ - 




of this amplifier is adjusted between lOO Hz and 
wideband with the HIGH CUT H2 Switch, SIOS, by 
switching capacitors Cl21 through C126 across the 
feedback resistor, R153 through R1S7. The rolloff 
af these high Outs is 6 dS per octave. The output 
of QA103 goes to output connector Jl03 and drives 
the meter, MiOi. By putting the HIGH CUT H2 Switch 
in the output amplifier, the noise bandwidth is 
always the same as the signal bandwidth. 

3-6. POWER SUPPLIES. There are three sets of ±15 
volt power supplies in the Model 604. One set is 
located on the main board and drives the three lin- 
ear integrated circuit amplifiers, QAlOl, QA102 and 
QA1Q3. There is one set of supplies for each of the 
Modal 301 Amplifiers located inside the Model 301a, 
with pra-regulatora on the main board. (Refer to 



supplied Model 301 Instruction Manual for a dstailad 
description of Model 301 power supply regulator cir- 
cuits) . With the exception of the pre-regulators, 
the pow’er supplies are all short circuit proof. 

3--7. MODEL 604;i. DIFFERENTIAL CURRENT SHUNT. The 
Model 6041 basically consists of two differentially 
coi^nacted, shielded, high megohm switches. Using 
either or both switches, high megohm resistors are 
shunted across the inputs of the respective Model. 

301 AnipUfiere to make the Model 604 a differential 
or single-ended ammeter. 

NOTE 

Refer to ocheniatic diagram 23458C for the 
Model G041. 



TABLE 8. 

Equipment Recommended for Medela 604 and 6041 Maintenance, use these instruments or their equivalent. 



Instruments Refer to Paragraph 



Ballantine Model 340 True RMS Voltmeter 


4-8 


Fairchild Model 7050 Digital Voltmeter 


4-2,4-6,4-12, 4-1.5, 4-lC 


Hewlstt-Rackard Model 200CD Signal Generator 


4-7,4-13,4-14 


Hewlett-Packard Model 400 AC Voltmeter 


4-13,4-14 


Kelthiiey Instruments Model 241 Voltage Supply 


4-5 


Ksithley Instruments Model 260 Kanovolt Source 


4-12,4-15,4-16 


Keithley Instruments Model 261 Picoampere Source 


4-16 


-keithley Inatrximeats Model 370 Recorder 


4-11 


Keithley Instruments Model 5155 High Megohm Resistor Standards 


4-15 


Keithlay Inetrumente Model 6012 Triax.lal-ta-Coaxial Adapter 


4-16 


Keithley Instruments Model 610C Eleotrometer 


4-2 


Keithley Instruments Model 662 Differential Voltmeter 


4-4 ,4-5 


Keithley Instruments Type CS-178 Connector 


4-2 


Tektronix Model 561 Oscilloscope 


4-3,4-4,4-7,4-13 


Offset Current Fixture (composed of a 10^^ ohm resistor and a 
Keithley Type CS-14I Connector) 


4-9 


100:1 Divider 


4-7,4-13 


1:1 and 1000 j 1 Dividers 


4-13 


10:1 Divider 


4-13 ,4-14 
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SeCTlON 4. maintenanc 



4 - i . GEKERAI, . 

a. Ti^e function of the maintenance section "is to 
provide a metnoc of checking the Models 604 and 60-11 
ro make sure that they operate properly and within 
th.e specifications given in Table 1 on page ii. 

fc , The following procedures are recosmended for 
flci iuscing and calibrating the Models 604 and 6041 . 
Use the equipment recommended in Table 8. If prop- 
er tiitfili ic3 are not available or if difficulty is 
encountered, contact Keithley Instruments, Inc., or 
Ls representatives to arrange for factory calibra- 
ic n. 

c- . If returning the instrument to Keithley In- 
s trumonts for repair or calibration, uae the Pejiair 
and Calibration form at the rear of this mamial. 

Use of this form will clarify difficulties that, may 
ensue and will result in continued good service. 

Wnen using this form, please detach along dotted 
1 ine . 

d. 'I'he figures at the end of this section show 
t.-ie component layouts for the Model 604, Refer to 
them to find desired components for adjusting the 
i;i s trument . Rofur also to the circuit description 
:.:i ivuotior. 'J and the sclien«stic dia.3ram at the back 
u [•■ r.hi-i mr-iivca.l to identify the more critical conv- 
pOiH-'t; ts . 

NOTE 

The ouppiic-d Model 301 Instruction Manual 
contuin.** the troubloshooting, calibration 
prooodurehs , component layouts and scliematic 
diagramK for the MllOI and AHiO'2 amplifiers, 



TABLE 3. 

Model 604 Intornal Controls, (Sees figures at and 
of this section for control locations). 



Control 


Circuit 

Designation 


Paragraph 


Zero Adjust (Model 3C1) 


RIOG 


4-4 


tlSV Adj. 


Ril2 


4-2, 4-3 


-,'15V Ad-j. 


R120 


4-2 ,4-3 


Common Mode Adj. 


R148 


4-7 


Cernmen Mode Adj. 


C114 


4-7 


I'.ero Center Adj. 


R158 


4-S 


F\;U. Scale Adj. 


R161 


4-6 



4-1, INITIAL CHECKS AND ADJUSTMENTS. 

cl. Make- s=iura the Model 604 is not connected to 
.'nr. no power line. Set rear panel LINE VOLTAGE 
Switch properly and the front panel controls as 
i 0 1 *ov;5 1 



ZERO CHECK Button (-»•) LOCK 

(-) LOCK 

VOLTS Switch i 

LiiGi! CUT ilz Switch OFF 

GUARD-OFF Switch OFF 

METER Switch POWER OFF 



b, Remove both Model 301 A,mplifierD, circuit 
designation ARlOl and AR102 (Figure 14) , from the 
Moue.' 604 chassis. Do not reinstall these ampli- 



fiers -a.ntil so specified in subparagraph 4-2i. 

c. Adjust mechanical meter zero for zero indica- 
tion on the meter . 

d. Check for proper operation of both ZERO CHFCK 
Buttons as delineated in subparagraphs 1 through 7 
below . 

NOTE 

T'he 2ER0 CHECK buttons are break-before- 
Ttiftke Iransfur switches with a 105 ohm 
resistor built into the shaft of the 
svjitch. This re-sistor places 105 ohits 
resistonce to ground across the corres- 
ponding .Model 301 Amplifier input (ARiCi 
or AR102) during transfer between con- 
tacts, The 10^ ohm resistance eliminate.'s 
large transients during break. 

1. Set the ZERO CHECK Button for the + INPUT 
Receptacle to LOCK. 

2. Connect ttie ARlOl Model 301 Amplifier input 
(Figure 8) to a Model. 610C Electrometer. Use an 
adapter or cable .with a Keithley Type CS-176 jack 
on the end for connection to the ARlOl Input. Op- 
erate the Model 610C in Norma) mode on the 10 x 
J.O^ ohms range. With the + INPUT ZERO C!ii;CK Dut- 
ton fully depressed or in LOCK, the Electrometer 
meter should indicate zero. 

3. Release the ZERO CHECK Button slowly. Aa it 
is released t!\e .Model 610C should indicate approx- 
imately 1 X 10® ohms whan the Button is about i/lG 
to V/64 of an inoh from full depression. -This 
point is the break from the ground contact. 

4. The 1 X 10® oJims reading should continue un- 
til the ZERO CHECK Button nears the fully released 
position, at which time the reading should in- 
crease to greater than 10 x 10® ohms. This point 
is the make with the i.nput contact when the 10® 
ohms resistance shaft moves away from the wiper. 

5. Set the Model 610C for 10 x 10^® ohms range 
to slow the reading. Depress the ZERO CHECK But- 
ton until six 1C9 ohms reading is achieved. 

This is the position at which the shaft of the 
Button touches the wiper. Note the distance that 
the shaft must be depressed to reach this point. 
The distance should be approximately 1/16 of an 
.inch. This will ensure that the shaft will not 
readily touch the wiper and place 1C® ohms across 
the input when the ZERO CHECK Button is in the 
unlocked poaition . 

C. R-eleaae the ZERO CHECK Button and short the 
center pin of the t INPUT Receptacle to ground. 

The meter reeding should go to zero. 

7. Repeat steps I through 6 using the ZERO 
CHECK Button for tho - INPUT Receptacle and the 
input jack for the AR102 Model 301 Aifiplifisir. 

e. Connect the Fairchild .Model 7050 Dt'Tl between 
ground and the inter-shield of the Model 604 •<- IN- 
PUT Receptacle. Use the Model 7050 as an ohimmeter 
on the 150 kilohai range, 

1. With the Model 604 GUARD-OFF Switch in the 
OFF po.sitior. the Model 7050 should read zero. 
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With the Switch in the GUARD position the ohm- 
meter should reacJ greater than 30 kilohms and typ- 
ically frofTi 50 to 70 kilohms. 

2. Repeat the above testa with the Model 7050 
connected between ground and inter-shield of the 
- INPUT' Receptacle, 

3. Khen completed set the Differential 
fier METER Svritph to OFF. 

C, Plug the Model 604 into a 117 or 23-1 volt ac 
power source end tarn the METER Switch to t, - or 
CENTER ZERO. (Make sure that the Model 301 Ampli- 
fiers, ARlOl and ARI02y are removed}. 

1. if the Differential Amplifier is operative, 
the meter reading will remain at or near zero. 

2. If the instrument is inoperative, that is, 
if ths meter pegs or Indicates a large positive 
or negative up-scale reading, then set the -f-15 
and -15 volt supplies per subparagraph g below. 

Do this before troubleshooting for other than an 
obvious problem. 

g. Set the +13 volt regulated supply to approxi- 
mately IS volts with the +15V Adj . Potentiometer 
R112, In like rrianner set the -lb volt regulated 
supply to -15 volts with the -15V Adj. Potentiom- 
Qter R120. (Figure 17 shows the locations of R112. 
and R120 and the layout of PC-195 in general) . 

h. Use a Model 610C to check for approximately 
30 to 36 volts across capacitors Cl02(+), Cl03(™'j, 
C104(+) and Cl05(-); the unregulated positive and 
negative supply voltages Model 301 Amplifiers ARlOl 
and AR102. Since the common for these fiupplias has 
no reference to ground, these voltages can b© 
checked by connecting the Electrometer directly a- 
oross each capacitor. Figure 16 shows the location 
of the capacitors. 

MOTS 

The voltage across these capacitors with 
the Model 301s installed will be approx- 
imately 29 volts. Hence, they ate re- 
ferred to as unregulated 29 volt supplies. 

i. Set the Model 604 METER Switch to POWER OFF 
and install the Model 301 Amplifiers. 

1. Set the Model 604 GUARD-CFF Switch to GUARD. 
Check for continuity between the inter-shield of 
the + INPUT Receptacle and the center pin of the 
UNITY GAIN OUTPUT, PROM + INPUT. In like manner 
check for continuity between the ir.ter-shield of 
the - INPUT Receptacle and the center pin of the 
UNITY GAIN OUTPUT, PROM - INPUT. 

2, If there is no continuity, check the respec- 
tive Model 301 Amplifier for continuity between 
pin 2 and pin 15. 

j. Set the Model 604 front panel controls as 
fo1 1 ows ; 



ZERO CHECK Button {+) LOCK 

" " “ (-) LOCK 

VOLTS Switch 1 

HIGH CUT HZ Switch OFF 

GUARD-OFF Switch OFF 

.METER Switch ON 



If it is not possible to bring the meter on scale 
or to zero it, then one of the following problems 
may be the cause. 



1. The Model 301 Amplifiers may be defective. 

If thi!3 is 30, then cither they should be repaired 
or a new operational set must be substituted. 

2. The Model 604 suppression may be defective. 
Check this out per paragraph 4-6. 

3. The 2i volt regulated supplies may be defec- 
tive. Refer to paragraph 4=3 to check the sup- 
plies. 

4. If none of the above localizes the problem, 
then perform the Zero Balance and Unity Gain 
checks as shown in paragraphs 4-4 and 4-5. 

4-3. POWER SUPPLY ADJUSTMENTS. 

a. Co.tnect the Tektronix Model 561 Oscilloscope 
between the Model 604 chassis and the proper test 
points .-^hown in Figure n for performing the power- 
supply checks. 

b. Check the plus and minus 25 volt supplies, 
(During thifs check, the Model 604 should be connect- 
ed to a 117 or 234 volt ac power source) . 

1. The voltage for this check should be 26 
volts t3 volts. 

2. Tha ripple must be Jess than 3 vo.lts peak- 
to-peak . 

3. Figure 8 shows a typical ripple obtained 
for the 26 volt supply. 



' 1 ■ 
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A 
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FIGURE 6. Typical Ripple Obtained for the 26 Voir. 
Supply, The scale is 1 volt per division vertical, 
and 5 milliseconds per division horizontal. 



c. Check the plus and minus 15 volt supplies with 
the Model 604 connected to a 117 or 234 volt ac 
power line. 

1. Adjust +15V Adj. Fotentioinster, R112, far: 

+15 volts +.30 millivolts. (Figure 17 show.? R1.12). 

2. Adjust -15V Adj. Potentiometer, R120, for 
-15 volts +30 millivolts. (Figure 17 show.s R120). 

3. The ripple in each ease must be less than 2 
millivolts peak-to-peak. Figure 9 shows typical 
ripple for the 15 volt supplies. 

4. Monitor the plus and minus 15 volt supplies 
as the line voltage is changed from 105 to 125 
volts ac for a 117 volt line or 210 to 250 volts 
for a 234 volt line. The voltage ahange in the 15 
volt s'upplies should be leas than 100 millivolts. 

5. Return the line to 117 or 234 volts ac , 

d. Check the regulated plus, and minus 21 volt 
supplies of both .Model 301s. -Fin 6 and pin 10 of 
the Model 301s on the underside of the PC board are 
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The Model 301 supply voltages are refor- 
ei'.cec ro ground only when the 301s are 
installed. Use the coiranon of capacitors 
C1Q2 and C1G3 or C104 and C105 if the 
Model 301s -are removed. Ripple measure- 
ments are meaningless with the Model 301; 
removed . 



riGL'RE 3, Typical Ripple Obtained for the 15 Volt 
Supply. The scale is 1 millivolt per division ver- 
ricnl, and 10 milliseconds per division horizontal, 



v.nc test points for the -21 volt supply and 421 vclt. 
supply respectively. Figure 15 shows the location 
: these r..ti5t points. 

1. '"!:e voltage at the positive and negative 
test points should be +21 and -21 volts 12 volts 
respectively. 

2. The ripple in each case should be less than 
'iO millivolts peak-to-peak and is typically less 
than 30 millivolts peak-to-peak . figure 10 shows 
a typical ripple for the 21 volt supplies. 




FIGURE 10. Typical Ripple Obtained for the 21 Volt 
Supply, The scale is 10 millivolts per division 
vertical, and 5 millisQoonds per division horizon- 
tal . 




FIGURE 11. 'Locatio.n of Voltage Supplies Teat Points (see paragraph 4-3). 
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4-1, MODEL 301 2ERO BALANCE ADJUSTMENT AND OSCILLA- 
TTOM CHECK. 

5. Set the Model 604 front panel controls as 
follow;? : 



ZERO CHECK Button {+) LOCK 

" " ” (-) LOCK 

VOLTS Switch 1 

HIGH CUT H3 Switch OF? 

GUARD-OFF Switch OFF 

METER Switch OFF 



b. On the underside of PC- 195, jumper the sup- 
pression voltage to lew as shown in Figure 14, The 
suppression voltage is available at one input of 
the ARlOl Model 301. 

1. Connect a Keithley Model 662 Diff erenbi«il 
voltmeter to the Model 604 unity gain output, 

FROM + INPUT. Adjust the ARlOl Model 301 Zero 
Control, available through the Model 301 cover, 
for zero volts ±1 millivolt. 

2. Repeat the procedures in subparagraph 1 a- 
bove using the UNITY GAIN OUTPUT, FROM - INPUT 
and the AR102 Model 301. 

3. Remove the jumper attached, in subparagraph 
4-4b above. Set the Model 604 VOLTS Switch to 
,001 and zero the Meter with the Model 604 SUP- 
PRESS Controla. When completed return the VOLTS 
Switch Setting to 1. 

C. Connect the unity GAIN OUTPUT, FROM + INPUT 
to an ac coupled Model 561 Oscilloscope and set It 
on the .1. millivolt per division vertical scale. 
Observe the Oscilloscope for high frequency oscil- 
lations as the Model 604 VOLTS Switch ia stepped 
from 1 through .001 settings, it oscillations are 
observed, it can be corrected by replacing the 1.2 
microfarad capacitor C103 in the Model 301. 

NOTE 

Do not mistake normal output noise for 
osc.1.11ation. Normal output noiso is 
approximately 1 millivolt of grass and 
120 cycle ripple. 

d, Connect the UNITY GAIK OUTPUT, PROM - INPUT 
to the Oscilloscope and repeat the procedures of 
paragraph 4~-4c above. 

4-5, UNITY GAIN CHECK. 

a. Set the Model 604 front panel controls as 
foilov/s : 



ZERO CHECK Button (+) 


LOCK 


” ’’ (-5 


LOCK 


VOLTS Switch 


1 


HIGH CUT HZ Switch 


OFF 


GUARD-OPP Switch 


OFF 


METER Switch 


OFF 



1, Connect a Keithley Model 241 Voltage Supply 
to the Model 604 + INPUT Receptacle and to the 
lov/ terminal of the Keithley Model 652 Differen- 
tial Voltmeter. Make sure, upon connection, that 
the Model 24l is dialed for zero volts and that 
the output is on. Ensure, also, that the link on 
the Model 662 is not attached between low and 
ground of the Differential Voltmeter, 

2. Connect the Model 604 UNITY GATM OUTPUT, 
PROM + INPUT Terminal to the high terminal of the 
Model 662. 



3. Set the Model 662 dials to zero and the null 
switch to 10 millivolts. The Model 662 should ir;“ 
dicate fit or near zero. 

NOTE 

A large transient generated when the Model. 

241 output switch is charged from stand-by 
to on causes a zero shift which results in 
erroneous readings. The correct method to 
use is to dial cut zero volts then turn th« 
output switch to on. 

b. With the Model 241 at zero volts, release the 
Model 604 ZERO CHECK Button for the + INPUT Recep- 
tacle and note that the Model 662' null remains the 
same. 

1. , Apply a positive 10 volts with the Model 
241. Ths Model 662 null indication should not 
change more than C.5 millivolts and typically is 
less than 0.2 millivolts. A change of 0.5 miil.i- 
volts indicates a unity gain of 50 ppm. 

2, Return the Model 241 to zejfo volts. The 
Model 662 null shoxUd return to the original read- 
ing. 

c. Repeat the procedures in above paragraphs a 
and b with the Model 241 connected to the Model 6C4 
- INPUT Receptacle and the Model 604 UNITY GAIN OUT- 
PUT, FROM - INPUT Terminal connected to the high 
terminal of the Model 662. 

4-6. SUPPRESSION AND METER CALIBRATION. 

a. Set the Model 604 front panel contacts as 
follows ! 



ZERO CHECK Dutton (+) LOCK 

" " ■*' {-) LOCK 

VOLTS Switch 1 

HIGH CUT HZ Switch OFF 

GUARD-OFF Switch OFF 

METER Switch OFF 



b. Connect the Model 604 AMPLIFIER OUTPUT to ths 
Model 7050 Digital Voltmeter. 

n. Check to make sura that the Model 604 SUPPRESS 
Cont,i'ol® are able to adjust the output for greater 
than plus and minus- 10 volts. Then set the output 
for exactly 10.000 volts (10.000 volts is achieved 
when the Model 7050 alternates betwee.n 9.99 and 
10 . 00 ) . 

d. Adjust the Full Scale Potentiometer, R161 
(Figure 17), for full scale meter indication. 

e. Set the VOLTS Switch to .001 and zero the 
Model 604 output and meter, 

1. Set the VOLTS Switch to 1 and adjust t!\e 
FINS ADj SUPPRESS Control for exactly O.OOO volts 
at the output, if necessary. 

2. Set the METER Switch to CENTER ZERO and ad- 
just the Zero Center Potentiometer, R153 (Figure 
17), to obtain a zero meter reading on the ce.nte,r 
zero scale. 

4-7. COMMON MODE REJECTION CALIBRATION. 

a. Set the Model 604 front panel controls as 
follov/s ; 

ZERO CHECK BUTTON (+) LOCK 

” ” " {-) LOCK 
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VOLTS Switch .001 

JilGW CUT tiZ switch iOC 

GUARE-OFF Switch OFF 

METER Switch OFF 

b. Zero the Model 604 meter with the SUPPRESS 
Controls . 

c. contact the Uewlett-PacKard Model 200CD Sig- 
ne.j Generator to both the + INPUT Receptacle and - 
INPUT Receptacle of the Model 604 and apply 3 li 2 at 
20 volts peak-to-peak, Connect the Model 604 AMPLI- 
FIER OUTPUT to a do coupled Model 561 Oscilloscope. 

1. Keloase both ZBRO CHECK Buttons simulrano- 

ously and adjust the Conction Mode Adj. Potentiom- FIGURE 13. Null Obtained with the Signal Generator 

Otar, R148 (Figure 17) for minimum output. Mini- at 1 kHz. Tho scale is 2 volts per division verti- 

mui;i output should occur at a null (a null is a- oal , and 1 millisecond per division horizontal, 

chievecl where tho voltage increases when the po- 
tentiometer is adjusted either side of minimum 

output) . place QAlOl with a new component. 

2. The output voltage .must bo legs than 6 volts f. Sat the HIGH CUT liZ Switch to OFF and set the 

peak-to-peak (this if 30 dB of rejection at the Signal Generator to 75 kiio.hertz at minimum output, 

ajjipli^ier gain o: lo’) . Typically tbe minimum Connect a 100:1 divider between the Signal Generator 

output will be less than 3 volts peak-to-peak and and tho + anti - INPUT Rocepcacles of tho Model 604. 

will be composed basically of second harmonic, Connect an ac coupled .Model S 6 X Oscilloscope to both 

Model 604 UMITV GAIN OUTPUT Receptacles. Set the 

3. When completed with the above tests, v.ero Oscillosoopc to 50 millivolts per division vertical, 

chock both Model 604 INPUT Receptaclee. It may be necessary to float the Oscilloscope to 

eliminate 60 cycle ground loops. 

NOTE 

Monitoring the UNITY GAIN OUTPUT Terminals 
is effectively the same as monitoring the 
input. 

1 . Set the METER Switch to on (+, •• or CENTER 
ZERO) . Zero the Model 604 ineter with the SUPPRESS 
Controls and release both ZERO CHECK Buttons ai~ 
rnultanaously , 

2. Observe the meter and slowly increase the 
Signal Generator output until a dc shift is ob- 
served. 



FIGURE 12, Null Obtained with the Signal Generator 
at 6 i:z, The scale Is 1 volt per division vertical, 
and 0.1 second per division horizontal. 



d, Set the Model 604 HIGH CUT HZ Switch to lOK 
and apply 1 kilohertz at 20 volts peak-to-peak to 
r.he Model 604 with the Model 200CO Signal Generator. 
Zero the meter with the SUPPRESS Controle. 

1. Release both ZERO CHECK buttons simultane- 
ousiy and adjust the Common Mode Adj. Trimmer ca- 
pacitor, C114 (Figure 16), for minimum output 
nail. If null is unstainable, increaEo cr de- 
crease the value of capacitor C127 (Figure 16) as 
needed . 

2. The output voltage must be less than 20 
volts peak-to-peak (this is 80 CB of rejection at 
fhe amplifier gain Of 10^) . Typically the mini- 
ruum output will be less than 8 volts peak-to-peak 
a;-;d will be compoaed basically of second harmonic. 

3. When completed with the above tests, zero 
cl:e<rk bot.h .Model 604 INPUT Receptacles. 

e. If, in either or both of the preceding checks 
of paragraphs c and d, the minimum output e.^coeds 
r.hs sv.atQd. limits, then the probable cause is high 
second harmonic generated by i.ntograted circuit 
amplifier QAlOl (Figure 14). If this is .so, re- 
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3, Decrease the signal to the point wliero tVie 
dc shift just starts to occur. 

4, The signal at the input, monitored at the 
'UNITY GAIN OUTPUT Terminals with the OsclUoscope, 

should be 100 millivolts peaik-to-peak or greater. 

NOTE 

For the calibration procedures in paragraph 
4-8 through 4-15, it is imperative that the 
Model 604 cover be on the unit. 

4-8. NOISE CHECK, 

a. Set tlie Model 604 front pa.nel controls as 
follows ; 

ZERO CHECK Button (+) LOCK 

" " ” (-> LOCK 

VOLTS Switch .001 

HIGH CU'P HZ Switch 100 

GUARD-OFF Switch OFF 

KETER Switch CENTER ZERO 

b. Attach the Rallantine Model 340 True RMS Volt- 

meter to the Model 604 AMPLIFIER OUTPUT Receptnole. 

] . Zero ttse Model 604 with the SUPPRESS Controls. 

2. Observe the output noise and meter noise. 
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a) The meter noise, excluding drift, should 
be less than 80 millivolts peak-to~peak , 



tion is now 10 millivolts full scale either side of 
zero . 



b) The output noise, excluding drift, must 
be less than 20C millivolts RMS. 

j. Set the GCJARD-OFP Switch to the GUARD posi- 
tion and check the noise. There should be no 
appreciable change in noise. Return the Switch 
to OFF. 



c. Set the HIGH CUT HZ Switch to OFF and observe 
the output noise. It should be less than 600 milli- 
volts RMS. 



4-9. OFFSET CURRENT CHECK. This check requires a 
special, sasy-to-construct , fixture. The fixture 
consists of a triaxial connector, Keithley part 
number CS-141, and a shielded 10i2 ohm resistor 
that connects the center pin of CS-141 to ground. 
The fixture must be shielded to eliminate exca.3sive 
noise pickup. 

a. Set the Model 604 front panel controls as 
follows ; 



ZERO CHECK Button (+) 

{-) 

VOLTS Switch 
HIGH CUT HZ Switch 
GUARD-OFP Switch 
METER Switch 



LOCK 

LOCK 

.001 

OFF 

OFF 

CENTER ZERO 



b. Connect the Current Offset Fixture to the 
Modal 604 + INPUT Receptacle and zero the matar. 

1, Sat the VOLTS Switch to .1. In conjunction 
with the 10l2 oluii resistor in the Fixture, this 
results in 10~i3 ampere full scale, 

2. Release the + ZERO CHECK Button and note 
the offset currant, it should bo less than 2 x 
10“^’'^ ampere (this Is within 2 major divisions of 
Boro) . The offset may be positive or negative. 

c, Repeat the procedure of above paragraph b 
with the Fixture on the - INPUT Receptacle. 

4-10. 234 VOLT AC OPERATION CHECK. (For 117V units). 

a. Set the LINE VOLTAGE Switch on the rear panel 
of the Model 604 to 234V and plug the unit into a 
234 volt ac 50 or 60 Kz power source. 

b. Set the VOLTS Switch to .001 and Zero the 
meter with the SUPPRESS Controls. Being able to 
zero on this range is sufficient indication that 
the instrument is operative at 234 volts ac. 

e. Unplug the instrxanent frcm\ the 234 volt ac 
cower source and return the LINE VOLTAGE Switch to 
117. 

4-11. DRIFT VERIFICATION. 

a. Set the Model 804 front panel controls aa 
follows : 



c. After a one hour warm-up, the Model 604 must 
not drift more than 4 millivolts per week or more 
than 0.3 millivolts per ®C. 

d. While the drift specifications is in terms oi 
a week, it may be possible to determine the drift 
within 24, 48 or 72 hours rather than run the full 
week. After the one hour warm-up and excluding 
drift due to temperature, the drift may be calcu- 
lated as shown in the subparagraphs below. 

1. After 24 hours, if the drift is legs than 
0.55 millivolt, the instrument meets specifica- 
tions. 

2. After 45 hours, if the drift during the 
last 24 hours is multiplied by six and is added 
to the drift during the first 24 hours and the 
total is 4 millivolts or less, then the Model 804 
meets specifications. 

3. After 72 hours, if the drift during the last, 
24 hours multiplied by 5 is added to the drift of 
the first and second 24 hours and the total is 4 
millivolts or less, then the unit meets the week's 
drift specifications. 

e. Since temperature can be a major contributor 
to drift (up to 0,3 millivolt per .a-llowable) , 
the tomperatura should bo recorded along with the 
drift. 

f. If the drift of the Model 604 is excessive, 
age the instrument and redrift. If it is still ex- 
cessive, then a probable cause of poor Model $04 
drift is excessive Model 301 Amplifier drift. One 
or both of the Model 301s may have excessive drift, 
Or, it may be that the drift of that particular 
pair of Model 301s is additive, in which eaae re- 
placing one Model 301 might solve the problem. 

4-12. VOLTAGE ACCURACY VERIFICATION. 

a. Set the Model 604 front panel contro,).3 as 
fol.lows { 



ZERO CHECK Button, (+) Unlock 

" " " (-) LOCK 

VOLTS Switch 1 

HIGH CUT H2 Switch OFF 

GuARD-OFF Switch OFF 

METER Sv?itCh OFF 



b. connect the Keithley Model 260 Nanovolt Source 
to the Model 604 + INPUT Receptacle. Monitor the 
Model 604 7\MPLIPIER OUTPUT Receptacle with the Model 
7050 DVM. 

c. Starting with setting of 1, check all the set- 
tings of the VOLTS Switch down to .001 for 10 volts 
±1% at the output. This is an indication of from 
9.90 volts to 1C. 10 volts on the Model 7050. 

4-13. FREQUENCY RESPONSE CHECK. 



ZERO CHECK Button (+) 


LOCK 


a. Set the .Model 604 


front panel 


controls 


" ” " (-) 


LOCK 


follov/s; 




VOLTS Switch 


,01 








HIGH CUT UZ Switch 


OFF 


ZERO CHECK Button 


( + ) 


LOCK 


GUARD-OFF Switch 


OFF 


(1 11 M 


(-) 


LOCK 


METER Switch 


OFF 


VOLTS .Switch 


1 






HIGH CUT I!Z Switch 




OFF 


b. Connect the Model 604 


AMPLIFIER OUTPUT Recap- 


GUARD-OFF Switch 




OFF 


tacle to the Keithley Model 


370 Recorder. Set the 


IvIFTER Switch 




OFF 


Recorder attenuator to 10 volts. Recorder calibre- 









Is 
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Connfi>nt. a Signal Generator through a l;i di- 
'-'.Iciet to botSi the + INPUT and - input Receptacles 
ol the Model 604. Monitor the AMPLIFIER OUTPUT Re- 
ceptaclG viith. both a Hewlett-Packard Model 400 AC 
Voltmeter and an ac coupled Model 561 Osci 1 loscope . 
Use the Voltmeter on Che 10 volt range and the Os- 
cilloscope should bo at 5 volts per division verti- 
Cc-l. . 

NOTE 

If other than a constant amplitude signal 
generator is used, it will be necessary to 
monitor the output of the signal generator 
wixh another voltmeter in order to maintain 
the same signal levei at the various fre- 
q u e r. c i 0 5 • Do not use the Mo d el 6 0 4 UN l TV 
GA IN OUTPUT Terminals for monitorrn'g. '' 

c. Set the Signal Generator for ICO Hz. 

.1. unlock the t ZERO CHECK Button and adjust 
the Signal Generator amplitude to obtain 7 volts 
RMS at the output of the Model 604. The signal 
observed on the Oscilloscope should be approxi- 
mately 20 volts peak-to-pe«k with no discernible 
distortion . 

2. Sweep the frequency from 100 Hz to 10 ki.lo- 
heitz. The output must remain within li of the 
100 Hz 7 volt HMS reference (6.9 voits to 7.1 
volts RMS) and the signal observed on tho Oscil- 
loscope should have no discernible distortion. 

3. Set the + ZERO CHECK Button to LOCK tmd un- 
lock the - ZERO CHECK Button. Tho output signal, 
at 10 kHz must be 7 volts RMS il% and the signal 
oliserved on the Oscilloscope .should have no dis- 
ccirniJ/iu distortion. 

4. sot both ZERO CHECK Buttons to l,OCK. 

d. Replaci! Che I ; 1 divider with a iOi.1 divider, 
ihjc the S:;gfiai Generator to 75 kiU and tho Oscil- 
loscope to i volt per division. Ignore the Volt- 
n^tsir for tltis tost. 

,1. open the + INPUT Receptacle and note that 
c)ie output will swing at least 2 volts pcak-to- 
poak without discernible distortion. 

2. 2oro check the + INPUT Kecupt&cle and re- 
peat tho procedure of subparagraph I above with 
ti'io - INPUT Reeepcacle open, 

3. Set both ZERO CHECK Buttons to LOCK. 

0. Replace Che 10:1 divider witli a i00:i divider. 
Sot the Signal Genarator to 10 kllz and the Voltrr.s- 
tC't to the ICC millivolts range. Ignore the Oscil- 
loscope for this tsst. 

! . Unlock the ZERO CHECK Buctor. and adjust 
the Signal Generator amplitude to obtain 70 i- 
volts ST the Model 604 AMPLIFIER OUTPUT. 

i. Sweep the frequency £rc«s 10 kUr to 200 khz, 
The output .must remain with ±3 dB of the 10 kHz 
70 .'hi 11 .Ivol ts reference. 

i . Set the + ZERO CHECK Button to LOCK posi - 
t ..or. ar;d unlock uhe - ZERO CHECK Button. Again, 
uhkH 20C kt;?. output signal must be withi.n .'.3 ciB of 
the l.C khz 70 .millivolts reference, 

4. Set both ZERO CHECK Buttons to LOCK. 

f . Set the Model $04 VOLTS Svjitch to .OCl and 



zero the meter. The meter must b-a maintained at or 
noar zero, dur.ing the checks in the fallowing sub- 
paragraphs 9 and h or the output signal 'will be 

cl 5 Tioed . 

g. Set the Voltmeter to the iO volt range end 
the Oscilloscope to 5 volts per division vertical. 

Use a 1000:1 divider and check the .001 setting of 
t;i.G Model 604 VOLTS Switch per above paragraph 4-13c. 
(Nota that tJmre will be noise riding on t.he signal 
observed an the Oscilloscope) . 

h , Use a 1000:i divider and set the Signal Gen- 
erator to 10 k.Hz, the Voltmeter to the 3 volt rarsgs 
and the Oscilloscope to 2 volts per division. 

1, Unlock the -i- ZERO CHECK Button and adjust 
the Signal Generator amplitude to obtain 2 voits 
RMS at the output of the Model 604. The signal 
ob.9srved on tho Oscilloscope should be approxi- 
matoly 6 volts peak-to-poak and noisy. 

2, Sweep the frequency from iO kHz to 50 kHz. 

The output should remain within =3 aC of the 10 
kl'f?: 2 volts RMS reference. 

3. Set the + ZERO CHECK Button to LOCK and un- 
lock the - ZERO CHECK Dutton. Again, the 50 kHs 
output signal must be within 43 dB of the 10 kHz 
2 volts )WS reference- 

4. Zero check both inputs of the Model 604. 

4-14, HIGH CUTS CHECK, 

a. Set the Model 604 front panel controls as 
follows ! 



ZERO CHECK Sutton (+) Unlock 

(-) LOCK 

VOLTS Swiv.ch 1 

HIGH CUT HZ .Switch OFF 

GUARD-OFF Switch OFF 

METER Switch OFF 



b. Connect the Signal Generator through a iC:l 
divider to the Model 604 + INPUT Beesptacio. Con- 
nect che Model 604 AMPLIFIER OUTPUT Recaptaclo to 
the Model 400 hC Voltmeter and set the Voltmeter to 
the 3 volt range. 

c. With the HIGH CUT HZ Switch at OFF, act the 
Signal Generator to 100 kHz and adjust the amplitude 
to obtain 2 volts RMS at the output of the Model 604. 
This level will, be used as a reference throughout 
ttie High Cuts checks (paragraphs d and e below) . 

NOTE 

Refer co note of paragraph 4-13b concern- 
ing the uso of a constant amplitude sigr.ai 
generator . 



TABLE 10. 

High Cut Hz Settings for Frequency Chenv. 



HIGH CUT Hz 
Switch Setting 


3 dB Down 
Frequency Limits 


100 


80 


to 


120 Uz 


300 


240 


to 


360 Hz 


IK 


800 


to 


1200 Hz 


3K 


2.4 


to 


3.6 kHz 


lOK 


e 


to 


12 kHz 


30k 


24 


to 


36 kHz 
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d. Set the HIGH CUT HZ Switch to the settings 
indicated in Table 10. Check that the output is 3 
dB down from the 2 volts RMS reference at some fre- 
quency within the frequency limits listed for each 
setting . 

e. If the output does not roll off at 3 d,B with- 
in the fraquency limits listed, the applicable high 
cut capacitor is out of tolerance. 

4-15. IMPUT I.MPEDANCE CHECK. 

a. Set the Model 604 front panel controls as 
follows : 



ZERO CHECK Button (+) Unlock 

■’ *’ " (-) LOCK 

VOLTS Switch 1 

HIGH CUT KZ Switch OFF 

GUARD-OFF Switch OFF 

METER Switch OFF 



b. Connect, the Model 260 Nanovolt Source to the 
•Model 604 + INPUT Receptacle and the Model 7050 DVM 
to the AMPLIFIER OUTPUT Receptacle. 

,1. Apply + 1 volt to the + input Recoptacle. 

The output voltage should be 10 volts il% (5.90 
to 10 . 10 volts) . 

2. Connect a Keithiey Model 5155 High Megohm 
Standard 10l2 ohmc resistor in aeries between the 
Modal 260 and the + INPUT Receptacle. 

3. Apply + 1 volt to the + INPUT Receptacle. 

The output voltage must come to within IOC milli- 
volts of the voltage noted in subparagraph 1 a- 
bove. This indicates an input impedance of 10^^ 
ohms or greater, Note, however, that it may re- 
quire a few minutes for the reading to come in 
and stabilii<;e. 

c. Repeat the procedure in paragraph b using -1 
volt and the - INPUT Receptacle. 

4-16. MODEL 6041 DIFFERENTIAL CURRENT SHUNT CALI- 
BRATION. 

a. Check the full scale accuracy of the Modal 604 
on the 1 volt range per paragraph 4-12. Mots the 
actual output voltage and use thia as a reference to 
detcm'.inQ the accuracy of the Model 6041 ranges. 



b. Set the equipment up in feedbac)c picoairoixeter 
configuration as specified in the following sub- 
paragraphs , 

1. Set the Model 6041 + INPUT and - INPUT 
Switches to the 10® position. Attach the TO 604 
INPUTS + and - Connectors to their respective 
Medal 604 INPUT Receptacles. 

2. Set the Model 604 front panel controls as 
follows ! 



ZERO CHECK Button (+) 


Unlock 


'• M " {_) 


LOCK 


VOLTS Switch 


1 


HIGH CUT HZ Switch 


OFF 


GUARD-OFF Switch 


GUARD 


METER Switch 


OFF 



3. Connect a Model 7050 DVM to the Model 604 
AMPLIFIER OUTPUT Receptacle. 

4. Remove the link from between low and ground 
on the rear of the Keithiey Model 261 Picoampere 
Source. Connect the Model 261 to the Modal 6041 
+ INPUT Receptacle through a Keithiey Model 6012 
Coaxial-to-Triaxial Adapter. 

c. Check tho full scale accuracy of the 10® 
through 10^^ settings of the + INPUT Switch with the 
Model 261 set for 1 x 10“® through 1 x 10“^^ ampere. 
All ranges must be within ±2% of the Model 604 full 
scale accuracy (actual output voltage ±0.20 volt). 

1. After checking the accuracy set the Model 
6041 + INPUT Switch to lO^i and tho Model 604 + 
ZERO CHECK Button to LOCK and the GUARD-OFF Switch 
to OFF. This places the equipment in shunt pico- 
ammeter configuration. 

2. Release the t ZERO CiiECK Button and note 
that the meter reading climbs slowly to approxi- 
mately 1/2 scale indication, 

3. Whan completed, set the + ZERO CHECK Button 
to LOCK and the GUARD-OFF Switch to GUARD. 

d. Repeat the procedure of paragraph c above with 
the Model 261 connected to the Model 6041 - INPUT 
Receptacle. 
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14. Top View Model 604 C3iaesis. Front panel faces up. Figure shows location of compo- 
pe hoards, and switches. For bottom view, see Figure IS. 
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FIGUXiE 17, Resistor Locations on PC"I95. For other component locations, see Fieure 16. 
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Model 6011 Input Cable 



Description : The 6011 is a low-noise trlaxtal cable, 

30" long, terminated by three color-coded alligator 
clips. This cable mates directly with the triaxial 
input, The cable is fabricated using a Keithley part 
no, GS«141 connector and part no. SC-22 low-noise cable. 



Applicatioi\: The 6011 may be used for measurements 

which require a triaxial connection, especially when 
the input LO is floated above CASE ground. The cable 
permits full use of the Model SlSscapabilities , 



SC-33 



SC-22 



CS-141 




Model 6301 Guarded Probe 

Deflcriptlon; The 6301 is a guarded triaxial cable, Appltcetion: The 6301 may be used for measureracnts 

3 ft. long, terminated by a probe for making point-to- which require a triaxial cable with a guarded ppobe 

point measurements. having an insulation resistance greater than 10^'^ ohm.s. 




SC-22 CS-141 



Model 1531 Gripping Probe 



Descripttoii: The 1531 is a triaxial cable, 3 ft. long, 

terminated by a special grlpplng-type probe. The 1531 
Insulation resistance is greater chan 10^® ohms. The 
probe is rated for off ground raeasurenieuts up to 500 v 



Applicafiotii The 1531 may be used for measurements 
which require a triaxial cable. The probo permits 
convenient connections to the circuit under test due 
to the gripping feature. 




Model 6012 Trlax-to-Coax Adapter 



Description; The 6012 is an adapter for mating the 
triaxial input and UHF (coax) type connectora. This 
adapter can be used with Models 6101A, 6101B, 6103A, 
6102A, etc. 



:zd 




CS-141 



0373 



25 





agcessoriks 



MODEL 604 



Model 4006 Rack Mounting Kit 



Description: Parts List; 



The Model 4006 is a rack mounting kit with overall 


Item 




Qty. Per 


Keithlsy 


dimensions, 7 inches high x 19 inches wide. Two top 
covers are provided for use with either 10 inch or 


Mo, 


Description 


Asaen^lv 


Part Ho. 


13 inch deep instruments. 


1 


Top Cover, 10” 


1 


2001.6B 




2 


Panel .kdapter Plate 


1 


19158A 


Application; 


3 


Angle Support 


1 


19137A 




4 


Screw, #10 x 3/8” 


4 




The Model 4006 converts Che instrument from bench 


5 


Connecting Plate 


1 


I9154A 


mounting to rack mounting. It is suitable for mount- 


6 


Screw, #10 x 1/2” 


4 


— 


ing one instrcffiient in one-half of a standard 19-inch 


7 


Angle 


1 


19147B 


rack. 


8 


Top Cover, 13” 


1 


20015B 




Model 4007 Rack Mounting Kit 
Parts List: 



Description: 

The Model 4007 is a rack mounting kit with overall 
dimensions, 7 inches high x 19 Inches wide. IVo top 
covers art! provided for use with either 10 inch or 
i'3 inch deep instruments. 

Application ; 

Tiie Model 400? converts the instrianent from bench 
luouT'-Cl.ng to rack mounting. It is suitable for mount- 
ing two instruments in a standard 19-inch rack. 



Item 
No . 


Descrictlon 


Qty. Per 
AssendJlv 


Ke 1th ley 
Pact No. 


1 


Top Cover, 10" 


2 


20016B 


4 


Screw, #10 x 1/2” 


8 


— 


5 


Connecting Plate 


1 


L9i54A 


6 


Screw, #10 x 1/2" 


4 




7 


Angle 


2 


14147B 


8 


Top Cover , 13” 


2 


20Q15B 


9 


Zee Bracket 


1 


19167A 


1.0 


Plate 


1 


19700A 
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REPIACEABLE PARTS 



SECTiON 



6-1. REPLACEABLE PARTS LIST: This saction contains 

a list of components used in this Instrument for 
user reference. The Replaceable Parts List describes 
the Individual parts giving Circuit Designation, 
Description, Suggested Manufacturer (Code Number), 



6^2. ELECTRICAL SCHEMATICS AND DIAGRAMS. Schematics 
and diagrams are Included to describe the electrical 
circuits as discussed in Section 3. 



6-3. HOW TO USE THE REPLACEABLE PARTS LIST, This 
Parts List is .arranged such chat the individual types 
of components are listed In alphabetical order, Main 
Chaasia parts are listed followed by printed circuit 
boards and other flubasaemblies . 



6-4. HOW TO ORDER PARTS, 

a. Replaceable parts may be ordered through the 



Manufacturer’s Part Number, and Che Kelthley Part 
Number. Also Included Is a Figure Reference Number 
where applicable. The complete name and address of 
each Manufacturer is listed in the CODE-TO-NAME 
Listing following the parte list. 



Sales Service Department, Kelthley Instruments, Inc. 
or your nearest Kelthley representative. 

b. When ordering parts, include the following 
information. 

1. Inecrument Model Number, 

2. Instrument Serial Number. 

3. Part Description. 

4. Schematic Circuit Designation. 

5. Kelthley Part Number. 

c. AH parts listed are raaintalnad In Kelthley 
Spare Parte Stock. Any part not listed can be made 
available upon request, Parcs identified by the 
Keithiey Manufacturing Code Number 80164 should be 
ordered directly from Keithiey Instruments. Inc. 



TABLE 6-1. 

Abbreviations and Symbols 



A 


2 

: ampere 


F 


farad 


.Q 


ohm 


CbVar 

CerD 

Car Trimmer 
Comp 




Fig 


Figure 






1 Carbon Variable 

S Ceramic Disc 

1 Ceramic Trimmer 

1 Composition 


GCb 

k 


Glass enclosed Carbon 
kilo (10 3) 


P 

PC 

Poly 


plco ( 10 - 12 ) 
Printed Circuit 
Polystyrene 


DCb 


1 Deposited Carbon 


d 


micro (10”^) 


Ref. 


Reference 


DCGlg. 


: Designation 


M 


TCu 


Tinner Copperweld 


EAL 


} 


Meg (10^) 




j Electrolytic, Aluminum 


M£r. j 






volt 


ETB 


; Electrolytic, tubular 


MtF 


Metal Film 




ETT 


1 Electrolytic, tantalum 


My ! 


Mylar 


W 


watt 




t 

« 


No , 


Number 


WW 


Wirewound 




• 

1 

« 


WWVor 


Wirewound Variable 
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MODEL 604 ELECTROMETER AMPLIS'IEK 



»EPT,ikC^:ABLS PARTS 



MODEL 604 REPLACEABLE PARTS LIST 
(Refer to Schematic Diagram 22820S for circuit cJesignations) 



CAPACITORS 



Circuit 








Mfg. 


Mfg . 


Keithlev 


Fiq . 




Value 


Rating 


Type 


Code 


Part No. 


Part No. 


Her , 


CiOl 


10 pP 


6 V 


ETT 


07436 


NG106A 


C182-10M 


16 


CIO 2 


100 uF 


40 V 


EAl 


7344.5 


C437AR/G10D 


C150-100K 


16 


C103 


100 gp 


40 V 


EAl 


73445 


G437AR/C-100 


C150-10CI4 


16 


Ci04 


100 u? 


40 V 


EAl 


73445 


G437AR/G100 


C150-100M 


16 


CIOS 


100 fjF 


40 V 


EAl 


73445 


C437AR/G100 


C150-100M 


16 


eioti 


100 mp 


40 V 


EAl 


7 344 5 


C437AR/G100 


C150-100M 


16 


CI07 


100 up 


40 V 


EAl 


73445 


C437AR/G100 


C150-100M 


16 


C1C!^5 


.001 VF 


600 V 


CerD 


729R2 


EO-.OOl 


C22-.001M 


16 


CIOO 


1.2 vP 


20 V . 


ETT 


05397 


K1R2J20K 


C80-1.2K 


16 


Clio 


100 UP 


40 V 


BAX 


73445 


C437AR/G100 


C150-100M 


16 


cm 


100 UP 


40 V 


EAl 


73445 


C437AR/GIOO 


C130-100M 


16 


C.1.12 


.001 OP 


600 V 


CerD 


72982 


ED- , 001 


G22-.001M 


16 


CU3 


1.2 yP 


20 V 


ST'T 


05397 


K1R2J20K 


C80-1.2.M 


16 


CU4 


7-23 pP 


2CO-300 V 




72982 


538-037 


C1V5-7-2SP 


16 


C 1 1 S 


10 pF 


600 V 


CerD 


72982 


ED-10 


C22-10? 


,16 


C1.16 


5 pF 


600 V 


CerD 


72982 


ED -5 


C22-5P 


.16 


Cll 7 


2 2 pP 


600 V 


CerD 


72902 


BD-22 


C22-22F 


14 


ciia 


Kot Used 














C1151 


10 pP 


600 V 


CetD 


72982 


ED- 10 


C22-10P 


14 


C12C 


33 pP 


600 V 


CerD 


72982 


ED-:33 


C22-33? 


14 


Ci21 


500 pF 


600 V 


CerD 


72982 


ED-500 


C22-500P 


15 


C122 


1500 OF 


600 V 


CerD 


72982 


ED-1500 


C22-1500P 


15 


C123 


.005 yp 


600 V 


C®rD 


72982 


ED. 005 


C22-.005M 


15 


C124 


.015 yP 


600 V 


CerD 


72982 


ED. 015 


C22-.015M 


15 


C125 


.05 uP 


200 V 




S6289 


2PS-S50 


C176-.05M 


13 


C126 


.15 yP 


75 V 


Poly 


56289 


225P1549R752A3 


C167-.15.M 


15 


C12 7 


‘10 pP 


600 V 


ceru 


723S2 


ED-10 


C22-10P 










CONNECTORS 


AND TERMINALS 








C 1 rcui t 








Mfg. 


Mfg, 


Keithley 


Fig 


D03 ia . 


DesorLption 




Code 


Part No. 


Fart No. 


Ref 


JlOl 


Receptscle, 


rriaxial, +INPUT 


9 571,2 


33050-NT-34 


CS-181 


1 


J102 


Receptacle, 


triaxiai, -INPUT 


95712 


33050-NT-34 


CS-181 




— 


Plug, triaxial, mate of of JlOl 












and J102 (2 


reg’d) 




95712 


30197-1 


CS-141 


— 


J103 


Receptacle, 


microphone, AMPLIFIER 












OUTPUT 






02660 


80-PC2F 


CS-32 


2 


— 


Plug, microphone, mate of J103 


02660 


80-MC2M 


CS-33 




J 10 4 


Hoceptaols , 


SKG, FROM -INPUT UNIT'/ 












GAIN OUTPUT 


(Mil. No. UG- 


•1094/U) 


02660 


31-221 


CS-15 


2 


J10 5 


Reoeotacle, 


NC, FROM -t-INPUT UNITli 












GAIN OUTPUT 


(Mil. No. UG- 


•1094/U) 


02660 


31-221 


CS-15 


7 


— 


Plug, SNC, 


mate of J104 and J105, 2 












rac'd {Mil. 


No. UG-88/U) 




02660 


31-002 


CS-44 


-- 


:.i 106 


Card edae connector to ARlOi 


C9S22 


PSC44SS15-12 


CS-175 




JiC7 


Card edge connector to AR102 


09922 


PSC44SS15-12 


CS-175 


..... 


") 1 


Plug, coaxi 


al, -Innut of 


ARlOl 


02660 


FMR30775 


CS-179 






Hooded Shield for PlOl 




02660 


FXR2275 


CS-180 





— 


Coaxial Receptacle, mate 


Of PlOl 


02660 


h'XR2175 


CS-178 


-- 




Plug, aoaxial, +liiDut of 


ARiOl 


02660 


FXR30775 


CS-179 






Hooded hield for P102 




02660 


FXR2275 


CS-180 






Coaxial Rac 


aptacle , mate 


of P102 


02660 


FKR2I75 


CS-178 




P 1.0.1 


Pluc, coaxial, -Input of 


ARID 2 


02S60 


FXR30775 


CS-179 


— 


— 


Hooded Shield for P103 




02660 


PXR227.5 


CS-180 




— 


Coaxial Receptacle, mate 


of P103 


02660 


PXR2173 


CS-178 


— 



^Nomr.ai Value, factory set. 
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MODSiL 604 ELECTROMETER AMPLIFIER 



REPLACEABLE PARTS 



CONNECTORS AND TERMINALS (Confd) 



Circuit 

Peaig. 


Description 


Mfg. 

Code 


Mfg . 

Part No. 


Xsithley 
Part NO. 


Fig . 


P104 


Plug, Coaxial, +lnput of AR102 


02660 


FXR30775 


CS-179 






Hooded Shield for P104 


02660 


FXR2275 


CS-180 


- ^ 


— — — 


coaxial Receptacle, inato of P104 


0 2 6 60 


PXR2175 


CS-X78 


-- 


— - 


Binding Post, ground 


08811 


33-286 


BP-15 






Circuit 

Desig. 







Number 


DIODES 

Mfg . 
Code 




Keithley 
Part No, 


Fig . 
Ref . 


DlOl 


Silicon 




1N645 


01295 




RF-14 


16 


D102 


Silicon 




1N645 


01295 




RF-14 


16 


D103 


Silicon 




1N645 


01295 




.RF-14 


16 


D104 


Silicon 




1N645 


01295 




RF-14 


10 


D1I55 


Silicon 




1N645 


01295 




RF-14 


16 


rjiofi 


Silicon 




1N645 


01295 




RF-14 


1C 


D107 


Silicon 




1N645 


01295 




RF-14 




D108 


Silicon 




1N645 


01295 




RF-14 




D109 


Silicon 




1N645 


01235 




RF-14 


] (3 


DUO 


Silicon 




1.N64S 


01295 




RF-14 


16 


Dill 


Silicon 




1N645 


0129 5 




RF-14 




D112 


Silicon 




1N645 


01295 




RF-14 


16 


D113 


Zener 




1N715 


12954 




DZ-22 


16 


D114 


Zener 




1N71.5 


12954 




DZ-22 


] 6 


D115 


Zener 




1N715 


129,54 




DZ-22 


.16 


D116 


Zener 




1N715 


12954 




DZ-22 


16 


0117 


Zener 




1N715 


129 54 




DZ-22 


16 


D118 


Zener 




IN 7 15 


12954 




DZ-22 


16 


0119 


Zoner 




1N715 


12954 




DZ-22 


16 


D120 


Zener 




INViS 


12954 




DZ-22 


16 


D121 


Zener 




1NV02A 


01295 




DZ-33 


16 


0122 


Zener 




1N709 


12954 




DZ-21 


16 


D123 


silicon 




1N645 


01295 




RF-14 


16 


D124 


Zener 




1N709 


12954 




DZ-21 




0125 


Silicon 




1N645 


01295 




RP-14 


16 


0126 


Zener 




1N702A 


01295 




DZ-33 


16 


D127 


Zener 




1N935 


04713 




DZ-7 


1 6 


D128 


Zener 




1N935 


04713 




DZ-7 


16 




INTEGRATED CIRCUITS AND OPERATIONAL A14PLIP1ERS 






(For Parts 


List 


of ARlOl and AR1(32, See 


Supplied Model 301 Manual) 




Circuit 








Mf q . 


Mfg . 


Keithley 


Fiq. 


DQsia. 


Description 






Code 


Part No, 


Part No. 


Ref . 


AKIOI 


Operational Amplifier 


to + 


INPUT 












Receptacle 






80164 


Model 301 


Model 301 


14 


AR102 


Operational Amplifier 


to - 


INPUT 












Receptacle 






80164 


Model 301 


Model 301 


14 


QAIOI. 


Integrated Circuit, Di 


ffer 


cntial 












Amplifier 






120 40 


LM301AU* 


27225A 


16 


QA102 


Integrated Circuit, Auxiliary 












Amplifier 






12040 


LM30.1AH » 


27225A 


16 


QA103 


Integrated Circuit, Output 


Amplifier 


12040 


LM301AH * 


27225A 


16 




^Selected for slew rate of 


0.5V per Microsecond. 









29 




BEPLACiL'ABLE PARTS 



MODEL 604 ELEdTROMETEK PJ^PLIFIER 



MISCELLANEOUS PARTS 



Circuit Mfg. Keithley fig* 



Le.aic; . 




description 






Code 


Part »o. 


Ref, 


DS - 1 0 1 


Pilot 


Light 


(Mfg. No. 


2100) 




91302 


PL- 3 8 


i 


FlOl {117V) 


Fuse, 


Slow Blow, 1/8 A (Mfcr, Type 


HDD 


71400 


FU-20 


2 


FlOi i->34V) 


Fuse, 


Slow Blow, 1/16 


A (Mfg. Type 


HDD 








— 


Fuse Holder 


(Mfg. Ho. 


342012) 




75915 


FH-3 


— 


ouol 


Mater 










80164 


ME-83A 


14 


R ,105 


Cord Set, 5 


feet (Kfg 


. No. 4638-13) 


93656 


CO-5 


2 


— 


Cable 


Clamp 


(.Mfg. Ho. 


SR-SP-i) 




28520 


CC-4 


— 


TlDl 


Transformer 








80164 


TR-117 


16 










RESISTORS 








Circuit 










Mfg. 


Mfg, 


Keithley 


Fig. 


Dealq . 


Value 


Rati no 


Typ® 


code 


Part Ho. 


Part No. 


Ref. 


RIOi * 


*4 7 kn 
















Ri0 2 


1 kR 


10%, 


1/2 W 


Comp 


01121 


EB 


,Ri-lK 


__ 


R103 


1 kSl 


10%, 


1/2 W 


Comp 


01121 


EB 


Rl-iK 


17 


R10‘1 


1 HQ 


10%, 


1/2 W 


Comp 


01121 


EB 


Ri-IK 


17 


R105 


1 kn 


10%, 


1/2 W 


Comp 


01121 


EEl 


Rl-iK 


17 


lUOG 


2.2 kn 


10%, 


1/2 W 


Coittp 


01121 


EB 


R1-2.2K 


17 


lUO? 


2.2 Kfi 


10%, 


1/2 W 


Comp 


01121 


BB 


R1-2.2K 


17 


R108 


1 kn 


10%, 


1/2 W 


Comp 


01121 


EB 


Rl-IK 


17 


R109 


15 J) 


10%, 


1/2 W 


Comp 


01121 


BB 


Rl-15 


17 


RliO 


1 kn 


10%, 


1/2 W 


Comp 


01121 


EB 


Rl-IK 


17 


RUl 


5.6 kft 


10%, 


1/2 W 


Comp 


01121 


EB 


R1-5.&K 


17 


Rll2 


2 kn 




1/4 W 


Cb 


37*542 


MTC-L4 


RP67-2K 


17 


R113 


4.7 kn 


10%, 


1/2 W 


Comp 


01121 


EB 


R1-4.7K 


17 


RU4 


2.2 kff 


10%, 


1/2 W 


Comp 


01121 


EB 


R1-2.2K 


17 


R115 


2.2 


10%, 


1/2 M 


Corap 


01121 


EE 


R1-2.2K 


17 


RUO 


I KJi 


10%, 


1/2 W 


Corap 


01121 


EB 


Ri-lK 


17 


RU7 


15 fi 


10%, 


1/2 W 


Comp 


01121 


EB 


Rl-15 


17 


RU8 


1 kQ 


10%, 


1/2 M 


Comp 


01121 


EB 


Ri-lK 


17 


R112 


4.7 k{< 


10%, 


1/2 W 


Comp 


Ui.i2X 


EB 


R1-4.7K 


17 


R120 


2 kfi 




1/4 W 


Cb 


37942 


MTC-L4 


RP67-2K 


17 


BI21. 


5.6 Ml 


10%, 


1/2 W 


Comp 


01121 


EB 


R1-5.6K 




R122 


10 kfi 


s5% , 


2 W 


WWVar 


12697 


BsrieB S 2 


RP70-10K 


14 


R123 


4.02 kP. 


1%, 


1/2 W 


.MtP 


07716 


CBC 


R94-4.02K 


15 


1U24 


4.02 kj) 


1%, 


1/2 W 


MtF 


07716 


CBC 


R94-4.02K 


15 


iU25 


4,G2 \iil 


1%, 


1/2 W 


MtF 


07716 


CEC 


H94-4.02K 


IS 


R126 


4.02 }tfl 


1%, 


1/2 W 


NtF 


07716 


CBC 


R34-4.02K 


15 


R12? 


4.02 kn 


i%, 


1/2 W 


MtF 


07716 


CSC 


R94-4.02K 


15 




4.02 


1% , 


1/2 W 


MtF 


07716 


CEC 


R94-4.02K 


15 


rU2 9 


4.02 kQ 


1%, 


1/2 W 


MtF 


07716 


CSC 


R94-4 .02K 


15 


Also 


4.02 Ml 


i%, 


1/2 W 


MtF 


07716 


CEC 


R94-4.02K 


15 


Ri31 


4.02 kn 


1%, 


1/2 K 


MtF 


07716 


CEC 


R94-4.02K 


15 


Hi32 


15 kfi 


1%, 


1/2 W 


MtP 


07716 


CSC 


R94-15K 


15 


R.U'J 


15 kU 


1%, 


1/2 W 


MtF 


07716 


CEC 


R94-15K 




R1J4 


15 kfi 


1%, 


1/2 W 


MtF 


07716 


CEC 


R94-15K 


15 


Ri.3 5 


15 kO 


1%, 


i/2 W 


MtF 


07716 


CSC 


R94-15K 


IS 


ro 3 6 


15 kfi 


i%. 


1/2 W 


MtF 


07716 


CEC 


R94-15K 


15 


K i, 3 7 


15 kil 


i% , 


1/2 W 


MtF 


07716 


CEC 


R94-15K 


15 


F,'! 38 


15 kCi 


1%, 


1/2 W 


MtF 


07716 


CEC 


R94-15K 


15 


R ‘ V 


15 kU 


1% , 


1/2 W 


MtF 


07716 


CEC 


R94-15K 


15 


RiiO 


IS kd 


1%, 


1/2 W 


.MtF 


07716 


CSC 


R94-15K 


15 


Ri 4 1. 


40 2 kfi 


1%, 


1/2 W 


MtF 


07716 


CSC 


RS4-402K 


17 


K142 


402 kr< 


u. 


1/2 W 


MtF 


07716 


CSC 


R94-402K 


17 


Rl‘j j 


801 fi 


1%, 


i/2 W 


MtF 


07716 


CEC 


RS4-801 


17 


R14 4 


301 U 


1%, 


1/2 W 


MtF 


07716 


CEC 


R94-801 


1 ^ 


Rl'lO 


10 kP. 


0.1%, i/2 « 


MtF 


07716 


CEC T--1 


R135-10K 


I 7 


"^Resistor 


RlOi is an 


integral part of lamp DSlOl 


and may be 


obtai.ned by ordering this lamp 


from Keithley 


Ins uruTn&jite 


! under the 


part nuraber PL- 


38. 
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MODEL 604 ELECTROMETER AMPLIFIER 



REPLACEABLE 



RESISTORS (ConL'd) 



Circuit 
Desiq . 


Value 


Ratinq 


^ype 


Mf g . 
Code 


Mfg , 

Part Ho. 


Keithley 




1U4(, 
Ri4 7 
R148 
RI49 
R15G 


10 kn 

99 .5 k<i 
1 kQ 

100 kS 
3.45 kQ 


0.1%, 1/2 w 

0.1%, i/2 W 
0.1%, 1/4 K 
0.1%, 1/2 W 
0.i%, i/2 W 


MtF 

MtF 

Cb 

MtF 

MtF 


07716 
07716 
37942 
07 716 
07716 


CEC T'i 
CEC T-"l 
.MTC-L4 
CEC T-I 
CEC: T-1 


R135-10K 

R135-99.5K 

RP67-1K 

R135-100K 

R135-3.45K 


17 

11 

.17 

17 

17 


R151 

Fil52 

R153 

Rj,54 

Ki55 


100 kR 
10 kfj 
900 
300 11 
1 kn 


0.1%, 1/2 W 
0.1%, 1/2 W 
0.1%, 1/2 W 
0.1%, i/2 W 
0.1%, 1/2 W 


MtF 

MtF 

MtF 

MtF 

MtF 


07716 

0771G 

07716 

07716 

07716 


CEC T-1 
CEC T-1 
CEC T-1 
CEC T-1 
CEC T-I 


R135-100K 

R133-10K 

R135-900 

R135-300 

R135-1K 


17 

17 

14 

14 

14 


Ri5f> 

R1S7 

Rir>8 

iU59 

R160 


3 kl' 

10 kn 
2 kii 
28.7 :<Q 
9.76 kO 


0.1%, 1/2 W 
0.1%. 1/2 'W 
1/4 W 
1%, 1/8 W 
1%, 1/8 W 


MtF 

MtF 

Cb 

MtF 

MtF 


07716 

07716 

37942 

07716 

07716 


CEC T 'l 
CEC T-1 
MTC-L4 
CEA 
CEA 


RI35-3K 
R135-10K 
RP67-2K 
R88-28.7K 
R88-9 .76K 


14 

14 

17 

17 

17 


R161 

R162 

R163 

ftlS4 


1 kfi 
47 fi 

lol fj 

10^ R 


1/4 W 

10%, 1/2 W 
20%, 1/2 K 
20%, 1/2 W 


Cb 

Comp 

Comp 

Comp 


37942 

01121 

75042 

75042 


MTC-L4 

EB 

GOT 

GBT 


RP67-1K 
Rl-47 Q 
R37-10^ 
R37-105 


17 










STRUCTURAL PARTS 








Circuit 
Desiq . 


Description 




Mfg. 

Code 


Mfg. 

Part No. 


Keithley 
Part No. 


Fig. 

Ref. 




Top Cover 


Asse.'nbly 




80164 


— 


20906B 




— - 


Dottom Cover Asoembly 




80164 


— 


19298C 






Foot, 4 req'd 




72512 


40O4A 


FE-5 






Ball, one 


for each foot 




B0164 


..... 


FE-6 





SWITCHES AMD CONTROLS 



Circuit 

Desicf. 


Description 


Mfg. 

Cods 


Keithley 
Part No. 


SlOl 


Push Rutto.n Switch, +INPUT ZERO CHECK 


80154 


14375a 




Knob, +input Zero Check Button 


8016 4 


14376A 


S102 


rush Button Switch, -INPUT ZERO CHECK 


80164 






Knob, -Input Zero Check Button 


80164 


14376A 


Si03 


Slide Switch, GUARD-OFF 


80164 


SW-45 


S104 


Slide Switch, LINE VOLTAGE 


80164 


GW-151 


G105 


Rotary Switch, METER 


80164 


SM-16S 




Knob Assembly, Meter Switch 


80164 


14830A 


S106 


Potentiometer, FINE ADJ. (R122) 


12697 


RP70-10K 




Knob, Pine AdJ. 


80164 


16373A 


S107 {MB) 


Rotary Switch less components, MEDIUM and 
COARSE 


8C164 


SW-267 




Rotary Switch with components, Medium and 
Coarse 


80164 


22973B 




Knob Assembly, Medium Switch 


80164 


16993A 




Knob Assembly, Coarse Switch 


80164 


16995A 


S108 


Rotary Switch less corauonents , VOLTS 


80164 


SW-268 


— 


Rotary Switch with components, Volts 


80L64 


229S0B 




Knob Assembly, Volts Switch 


80164 


14838a 


R109 


Rotary Switch less components, HIGH CUT HZ 


S0164 


SM-266 


— 


Rotary Switch with components, High Cut Hz 


80164 


22974B 


— 


Knob Assembly, High Cut Hz Switch 


8Q164 


14838A 



Fig . 
Kef . 



1 

1 

1 

1 

1 

2 
i 



i 

1 

I 

1 

X 

1 



PARTS 



0373 



31 




REPLACEABLE 

Circuit 
Ds )3 , 


; PARTS 

Number 




TRANSISTORS 

Mfg. 

Coda 


MODEL 604 ELECTROMETER 

Keithley 
Part No. 


AMPLIFIER 

Fig. 

Ref. 


QlOl 


2K3565 




07263 




TG-39 






Q102 


2N3638 




07263 




TG-33 


16 




QlOl 


2N3565 




07263 




TG-39 


16 




Q10 4 


2N3&38 




07263 




TG-33 


16 




0105 


40317 




02 73 4 




TG-43 


16 




Q106 


2N3565 




07263 




TG-39 


16 




0107 


2N3565 




07263 




TG-39 


16 




QIC a 


2N3638 




07263 




TG-33 


16 




Q.IC19 


40319 




02734 




TG-50 


16 




QUO 


2N3638 




07263 




TG-33 


16 






MODEL 6041 


REPLACEABLE PART 


'S LIST 










(I^fer to Schematic Diagram 234S8C for 


circuit, designations) 










CONNECTORS AND TERMINALS 








Circuit. 






Mfg . 


Kfq. 


Keithley 






Dasig. 


Descriotion 




Cpdg , 




Part No, 






JlOl 


Receptacle, triaxial, +INPUT 




95712 


330S0-KT- 


•34 cs-181 




3 




Plug, triaxial, mate of JIOI 




95712 


30197-1 


CS-141 








Cap, +1NPUT Receptacle 




02660 


31-007 


CAP-18 




-- 


Ji02 


Rocoptacle, triaxial, -INPITI’ 




95712 


33050-KT- 


•34 CS-181 




3 




Plug, triaxial, mate of J102 




95712 


30197-1 


CS-141 








Cap, -INPUT ReoeptacLe 




02660 


31-007 


CAP-18 




— 


J103 


Binding Post, GND 




08S11 


33-286 


BP-15 




3 


i>ioi 


Connector, triaxial, TO 604 


INPUT i+ 


95712 


30197-1 


CS-141 








Connector Assembly v/ith cable 


80164 










Pia2 


Connector, triaxial, TO 604 


INPUT!- 


95712 


30197-1 


CS-141 




3 




Connector Assembly with cable 


80164 
















RESISTORS** 










Circuit 






Mfg. 


Mfg . 


Keithley 


Fig. 




Desiq . 


Value Ratina 


Type 


Code 


Part No. 


Part No. 


Ref. 




RlOl 


lOll it +3-0% , 1/R W 


GCb 


63060 


RX-1 


R20-1oH 






R102 


lOjO U +3-0%, 1/R W 


GCb 


63060 


RX-1 


R20-10^^ 






RIO 3 


10^ a +3-0%, 1/R W 


GCb 


63060 


RX-1 


R20-10^ 






IU04 


lOOMO 1%, 2W 


DCb 


91637 


DC-2 


R14-100M 


— 




RIO 5 


1C m 1%, 1/2W 


DCb 


916.37 


DCF-1/2 


R12-10M 


— 




R106 


1 1%, 1/2W 


DCb 


91637 


DCF- 1/2 


R12-1M 






Wl0 7 


10:|-;^ il +3-0%. 1/R W 


GCb 


63050 


RX-1 


R20-10,„ 


__ 




RIOS 


IC^O n +3-0%, 1/K w 


C-Cb 


63060 


RX-1 


R20-10j° 






iSiOS 


10^ Cl +3-0%, 1/R w 


GCb 


63060 


RX-1 


R20-10^ 


. 




RllO 


lOOMfi 1%, 2W 


DCb 


91637 


DC- 2 


R14-100M 


— 




Rill 


10 -Mfl 1%, 1/2W 


DCb 


91637 


DCF-1/2 


R12-10M 






R112 


1 1%, 1/2W 


DCb 


91637 


DCF-1/2 


R12-1M 










SWITCHES AsMD CONTROLS 








Ciruu X t 






Mfg, 


Keithlev 


Piq. 




Deaiq , 


Description 




Code 


Part No. 


Ref 




SlOl 


Rotary Switch, +INPUT 




80164 


Model 


3011 


3 




— 


Knob Assembly, +Input Switch 


S0I64 


16338A 


-- 




£102 


Rotary Switch, -INPUT 




80164 


Model 


3011 


3 






Knob Assembly, -Input Sv;itch 


80164 


16338A 







** A complete set of resistor for the Motiel 6041 may be purchased from Keithley Instruraante under the Model 
Nur.ifaer of 6033. The Model 6033 contains resistor pairs matched to within +2%, It is advised that upon 
ordoring resistors for the Model 6041 the user purchase raaoched pairs to assure accuracy. 
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TABLE 14. Code List of Suggested 2 Manuf acturers . 

(Based on Federal Suppli^ coda for Manufacturers, Cataloging Handbook li4-l) 



Ai lsn-=Bradley Corp. 

1201 South 2nd Street 
Milwaukee, Wis. 53204 

Texas Instruments, Inc. 
Semiconductor -Components Division 
13500 Worth Central Expressway 
Dallas, Texas 75231 

Amphenol Corp. 

2SC1 South 25th Avenue 
Broadview, 111. 60153 

Hadio Corp. of Anserlca 
Defense Electronic Products 
Camden, N. j. 

Motorola Semiconductor Products inc , 
5005 East McDowell Road 
Phoenix, Ariz. 85008 

Union Carbide Corp. 

Linde Div. Kemet Dept. 

11901 Madison 
Cleveland, Ohio 44107 

Fairohiid Camera & Instru. Corp. 
Semiconductor Division 
313 Frontage Road 
Mountain View, Cal. 

IRC, Inc, 

2850 Mt. Pleasant 
Burlington, Iowa 52601 

GL Electronics Division of 
GL Industries Inc. 

300 Harvard Avenue 
Me-stville, N. J. 08093 

Burndy Corp. 

Richards Avenue 
Worwalk, Conn. 06852 

National fiaruconductor Corp. 

Commerce Drive 
Post Office Bcx 443 
Danbury, Conn. 06813 

Claroatat Mfg. Co., Inc. 

Low»r vjashington Street 
Dover. N. H, 03820 

Dickson Electronics Corp. 

302 S. Wells Fargo Avenue 
Scottsdale, Arizona 



28520 Heyman Mfg. Co. 

147 N. .Michigan Avenue 
Kenilworth, K, j. 

37942 Malloi-y, P. R. and Co., Inc. 

3029 E. Washington Street 
Indianapolis , Ind. 462G6 

56285 Sprague Electric Co. 

Nortli Adams, Mass. 

63060 Victoreen Instruments Co. 

5806 Hough Avenue 
Cleveland, Ohio 44103 

71400 Buss.mann Mfg. Div. of 
McGraw-Edison Co. 

253S W, University Street 
St, Louis, Mo. 

72982 Erie Technological Products, Inc, 
644 W. 12th Street 
Erie, PA. 16512 

73445 Ainperex Electronic Co., Div. of 
North Ajwerican Philips Co., inc. 
Hickavl J le , N . I . 

75042 IRC, Inc. 

401 .North Broad Street 
Philadelphia, PA. 19108 

75915 Littlefus©, ,Tnc. 

800 E. Northwest Hwy. 

Des Plaines, ill. 60016 

80164 Keithley Instruments, Inc. 

.28775 Aurora Road 
Cleveland, Ohio 44139 

91802 Industrial Devices Ino. 

982 River Road 
Edgewater, N. J. 07020 

93656 Electric Cord Co, 

1275 Bloomfield Avenue 
Ca.ldwell, N. J. 

95712 Dage Electric Co., Inc. 

Hurricane Read 
Franklin, Indiana 




RiiPLACHABLfi PARTS 



Mechanical 

] ____ 

Description 

.) .1) Chassis 

1.1) Front Panel 

1 

! Top Cover Assembly 

...i 

x2) Cover, Sheet Metal 
j 13) Screws 

Handle Assembly 
I 14) Handle 

' 15) Screws #6-32 x 3/8" R.H. slotted 

Boctwu Cover Assembly 

i 

' 2 ) Cover 

3) FaBtener 

"> 

( Feet Assembly 

4) Feet 

j 5) Ball 

6) Screws #8-32 x 3/8" Phillips, Pan Head 

j Tilt Bail Assembly 

! 

7) Bail 

8) Right Assembly 

I 9) Left Assembly 

10) Screws #6-32 x 1/4" Phillips, Pan Head 



i 

...I 

] 

) 

"i 

1 

1 



MODEL 604 



:-ta List 



Quantity 
Per Assembly 

1 

1 

1 

4 

1 

2 

1 . 

2 

4 

4 

4 

1 

1 
1 

2 



Kelthley I 

Parr No. j 

22636B 

223C6C 

209G6B 

24561D 

HH-18 

19298C 

17149C 

FA-54 

FE-5 

FE-6 

17147B 

19206B 

19205B 



0373 





CN60^-2 

Applies to Hanua! printed 
January, 1977. 



Sheet 1 of ! 
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i NSTRUCTI ON MANUAL 
CHANGE NOTICE 

MODEL ELECTROMETER AMPLIFIER 

I NTRODUCT I ON : Since Keithley Inscrunients is continually improving pro- 

d' u c^t r f o r ma n c e and reliability, it is often necessary to make changes 

to Instruction Manuals to reflect these improvements. Also, errors in 
Instruction Manuals occasionally occur that require changes. Sometimes, 
due to printing lead time and shipping requirements, we can't get these 
changes immediately into printed Manuals. The following new change In- 
formation is supplied as a supplement to this Manual in order to provide 
the user with the latest Improvements and corrections in the shortest 
possible time. Many users will transfer this change information directly 
to a Manual to minimize user error, All changes or additions are Indi- 
cated in italics, 

CHANGES: 

CUh J,$pF-25,7pF 200-300 V IS050 C-284-2 . 9P~1S, 7P 16 



28 7 75 AURORA ROAD • C'.-6VELANO, 0Hi0 44!39 ■ {2-)8) 248-0400 

TELEX: 98-6 459 • CASLE:KEI T H L E Y 





KEITHLEY INSTRUMENTS, INC 
28775 AURORA ROAD 
CLEVELAND* OHIO 44139 



MODEL NO. 



SERIAL 



[jT| Describe problem and symptoms using 
readings, chart recordings, etc.) 



PHONE 



STATE 



itative data whenever possible (enclose 



(Attach additional sheets as necessary). 

Show a block diagram of your measurement system including all instruments connected 
(whether power is turned on or not). Also describe signal source. 



3J List the positions of ^ controls and switches on both front and rear panels of 
the instrument. 



Describe input signal source levels, frequencies, etc 



y List and describe all cables used in the experiment (length, shielding, etc.). 



^•1 List and describe all other equipment used in the experiment. Give control settings 
for each. 



7. Environment: 

Where is the measurement being performed? (Factory, controlled laboratory, 
out-of-doors , etc . ) 

What power line voltage'"is used? Yari'a'ti'ori? Freauencv? ~ 

Ambient temperature? ^ ^F. Variation? ReTT Humidity? " 

Other ’ ' 



y Additional Information. (If special modifications have been made by the user, 
please describe below.) 




